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1. SUMMARY AND RECOMMENDATIONS 

1 . 1 SUMMARY 

In the following summary, the water quality of Goderich, Port Elgin, 
Southampton, Tobermory, Owen Sound, Collingwood and Parry Sound is 
briefly discussed, the terms of reference being Ontario Ministry of the 
Environment water quality criteria, and the Canada-U.S. Water Quality 
Agreement objectives where applicable. The summary is structured around 
major issues, e.g. enrichment, bacteriological contamination, transpar- 
ency, dissolved solids and sediment contamination. The enrichment 
discussion is based on several indicator variables including nutrient 
loading, mixing characteristics, sediments, chlorophyll a^ and embayment 
configuration. In general, the overall water quality in the embayments 
of Lake Huron is good, however, some localized signs of water quality 
impairment were noted. 

In overview, some embayments showed local signs of nutrient enrichment, 
sediment contamination, microbiological contamination, and reduced 
transparency. The Goderich area showed signs of mesotrophy during 
spring in addition to elevated levels of suspended solids and chlorides. 
Collingwood Harbour was eutrophic in 1974. The Sydenham River in Owen 
Sound Harbour exhibited fecal contamination from domestic sources during 
one survey in 1974. Sediment contamination by heavy metals, PCB's and 
pesticides was noted in almost all harbours, however, sources and impact, 
if any, of the majority of contaminants was not determined. Residue 
from an oil spillage in Parry Sound Harbour was evident in sediments . 

Future water quality in the embayments of Lake Huron and Georgian Bay 
will depend upon the ability to control waste loadings from urban and 
industrial growth, both along the shoreline and in tributary drainage 
basins . 

Municipal wastewater discharges in all embayment areas studied receive 
at least primary treatment and phosphorus removal is either operational 
or being considered. At present, negotiations are being undertaken for 
further remedial measures at the Collingwood WPCP. Future assessment of 
water quality in Parry Sound Harbour may indicate the need for further 
abatement measures due to the limited nutrient assimilative capacity of 
this embayment. 

1.1.1 Enrichment 

1, Goderich Harbour and adjacent nearshore Lake Huron stations exhibited 
mesotvophic conditions during 1974 and 1975 surveys. The major source 

of nutrient input to the area is the Maitland River which receives 
diffuse inputs from upstream sources. Total nitrogen loadings and 
levels in the Maitland River appear to have increased from 1966 to 1974. 

2. Nearshore waters at Southampton and Port Elgin exhibited oligo- 
mesotrophic conditions during the 1974 and 1975 surveys. Secondary 
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treatment of municipal waste is presently operational at both munici- 
palities. Major nutrient input to the area is via the Saugeen River 
where upstream sources are diffuse in nature. Loadings and levels of 
nutrients from 1966 to 1974 for the Saugeen River exhibited no signi- 
ficant long term trends. 

3. Tobermory Harbour and adjacent nearshore waters were oligotrophia 
during 1974 and 1975 studies. Negligible nutrient loadings from tribu- 
tary and municipal sources occur in the area. 

4. The main channel in Owen Sound and Owen Sound Harbour was oligo- 
trophia in 1974. Macrophyte growth was restricted to the eastern shore 
of the harbour and Cladophora growth was not observed. Modelling results 
suggest that over-enrichment of the Sound is not presently or likely to 
be a problem in the foreseeable future. 

5. Collingwood Harbour was eutrophic during 1974 studies. Phosphorus 
removal was instituted at the Collingwood yPCP in May 1975. Studies to 
assess the water quality of the harbour after phosphorus removal have 
been undertaken in 1976. 

6. Parry Sound Harbour and the eastern portion of Parry Sound exhibited 
characteristics of oligo-mesotrophy during 1974 studies. Phosphorus 
removal is operational at the Town of Parry Sound WPCP. Parry Sound 
Harbour has a limited assimilative capacity and although no over enrich- 
ment problem presently exists, future water quality assessments may 
reveal the need for further remedial measures. 

1.1.2 Dissolved Constituents 

In all embayments, dissolved solids levels were within criteria, however, 
some localized influences were noted. 

1. A point source discharge of chloride to the Maitland River was 
responsible for elevated chloride levels and specific conductance in 
Goderich Harbour and adjacent nearshore Lake Huron. A local salt 
processing industry has been requested by the Ministry to investigate 
alternatives for the control of effluent discharges to the Maitland 
River. 

2. No significant dissolved solids problems were noted in nearshore 
waters during 1974/75 studies at Port Elgin, Southampton^ Tobermory and 
Owen Sound . 

3. Lakeward gradients of dissolved solids from the inner portions of 
Collingwood Harbour to Nottawasaga Bay suggested that municipal discharges 
influenced the water quality within the entire harbour. 

4. Increasing lakeward gradients of dissolved solids concentrations 
from Parry Sound Harbour through Parry Sound to Georgian Bay were noted. 
These gradients suggested that the waters of Parry Sound and Harbour 
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were distinctly different from Georgian Bay waters. These differences 
are primarily attributed to the natural geochemistry of tributary 
drainage . 

1.1.3 Dissolved Oxygen 

1. Dissolved oxygen and percent oxygen saturation levels in both 
surface and bottom waters in Goderich Harbour were within acceptable 
limits. 

2. Dissolved oxygen levels in nearshore waters at Southampton and Port 
Elgin were within acceptable limits except on one occasion when a violent 
storm and associated upwelling of organic detritus induced a short term 
depletion of dissolved oxygen at the mouth of the Saugeen River. 

3. Surface and bottom waters of Tobermory Harbour and adjacent near- 
shore area had ample dissolved oxygen stocks at or near 100% saturation 
throughout the study period. 

4. Waters of Owen Sound and Owen Sound Harbour during 1974 studies had 
ample dissolved oxygen. Only on one instance, for the inner Sydenham 
River was there a short term dissolved oxygen level less than 6 mgOz/l. 

5. Dissolved oxygen in the bottom waters of Collingwood Harbour was 
within acceptable limits during 1974 studies, even with the presence of 
highly eutrophic conditions. If over- enrichment of Collingwood Harbour 
continues, depletion of oxygen stocks in bottom waters may become a 
serious problem. 

6. Ample dissolved oxygen stocks were noted during all cruises at all 
sample depths during 1974 studies in Parry Sound and Parry Sound Harbour . 

1.1.4 Transparency 

1. Goderich Harbour and adjacent nearshore Lake Huron were influenced 
by high suspended solids. Highly turbid waters with low and highly 
variant Secchi depths in the area are a direct result of resuspended 
sediment, coastal erosion, and tributary suspended solids loadings. The 
major proportion of the suspended solids problem in the area is derived 
from natural sources during spring and further aggravated by seasonal 
processes such as the thermal bar and a strong nearshore current regime. 

2. Suspended solids in the Southampton/ Port Elgin area were seasonally 
variant and solids problems were of greatest magnitude during spring 
peak tributary loadings. Tributary suspended solids loading via the 
Saugeen River are quickly dispersed off-shore. 

3. Waters from Cape Hurd on the west to Cabot Head on the east and 
including Tobermory Harbour exhibit excellent optical characteristics 
with low suspended solids, low turbidities and deep Secchi depths. 
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Tributary and municipal suspended solids loadings to the area are 
negligible. 

4. The waters of Omen Sound and Owen Sound Harbour had excellent 
optical characteristics during 1974 studies with low suspended solids, 
low turbidities and moderately deep Secchi depths. Natural tributary 
suspended solids loadings that occur via the Sydenham and Pottawatomi 
rivers are quickly dissipated as a result of strong local mixing. 

5. Collingwood Harbour was moderately turbid with low Secchi depths 
during 1974. Diminished light penetration in the harbour during the 
present study appeared to be primarily governed by the presence of high 
algal biomass. 

6. Suspended solids, turbidity and transparency was not noted as a 
problem during 1974 studies in Parry Sound and Parry Sound Harbour . 

1.1.5 Phenolic Substances 

1. Phenols were not detected above the analytical detection limit of 1 
\xg phenol/l in any of the surficial water samples from Southampton, 
Port Elgin, Tobermory, Owen Sound and Collingwood . At present, it 
appears that there are no phenol related taste problems in municipal 
surface water supplies at the mentioned locations. 

2. Slightly elevated phenol levels were noted on a few occasions for 
surface water samples from Goderich Harbour and Parry Sound Harbour . At 
present, it appears that phenol contamination at these two sites is of a 
minor nature and not likely of significant impact to municipal surface 
water supplies. 

1.1.6 Alkalinity and pH 

1. No significant water quality problems associated with alkalinity 
and pH were noted at any of the seven study areas in 1974. Significant 
regional differences were noted in embayment alkalinity and pH between 
Goderich and Pai'ry Sound, reflecting the major differences in the geo- 
chemistry of natural drainage waters as influenced by local geology and 
soils. 

1.1.7 Water Microbiology 

1. Monthly geometric means of the health oriented indicator bacteria 
for individual stations in Goderich Harbour were within criteria and 
objectives. However, some individual samples had high densities of 
bacteria. Further water quality studies in 1976 should clarify whether 
a bacterial problem exists in the area. 

2. Monthly geometric means of bacterial densities met criteria and 
objectives for two short duration cruises at Southampton and Port Elgin 
in 1974/1975. Moderately high total coliform densities of non-fecal 
origin were noted at Saugecn River mouth. 
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3. Waters of the Tobermory area during 1974/1975 studies were generally 
free of bacterial contamination. 

4. Waters of Owen Sound were generally free of fecal contamination 
during 1974 studies. Data for a station near the city of Owen Sound 
WPCP outfall indicated that adequate disinfection was being maintained. 
Violation of water quality criteria for fecal coliforms and fecal strep- 
tococci was noted for two Sydenham River stations during May 1974. 
Fecal contamination on this occasion was probably of domestic origin. 

Monthly geometric means of total coliforms, fecal coliform and 
fecal streptococci densities during a three day May 1974 cruise in 
Collingwood Harbour were within criteria and objectives at all stations. 

7. Monthly geometric means of the health orientated indicator organ- 
isms for individual stations within Parry Sound, Parry Sound Harbour and 
specifically off McCurry Lake outlet (the site of the WPCP secondary 
discharge) were within criteria and objectives for every monthly survey 
period in 1974. Bacteriological water quality off McCurry Lake outlet 
appears to have significantly improved over earlier reports of impair- 
ment (27). 

1.1.8 Sediments 



In all cases, sediment contamination was noted to varying degrees. 
Studies were not conducted to determine the impact of contaminants on 
local water use and biota. 

1. The surficial sediments of Godevich Harbour were noted to have 
diminishing lakeward concentration gradients for zinc, lead, mercury, 
copper, chromium, nickel and iron. Levels of metals, nutrients and 
organics in the surficial sediments of the harbour were lower than those 
reported for other embayments in this report. 

2. DDE, the only pesticide detected in the Port Elgin/ Southampton 
area, was found in very small amounts (1 vg/kg) at two nearshore stations. 
PCB's were detected with levels ranging from 40 vg/kg at Saugeen River 
mouth to 20 \ig/kg at two nearshore stations. 

3. The most significant finding of water quality studies at Tobermory 
was the presence of low level accumulations (20 to 40 vg/kg) of PCB in 
surficial harbour sediments. DDT and its metabolites were also detected. 
Other organochlorine pesticides, including dieldrin, were not detected 
in harbour sediments. 

4. The Owen Sound WPCP outfall appeared to be the major source of 
PCB's, lead, sine, mercury, DDT, DDE, DDD and dieldrin contamination in 
surficial sediments within the Harbour. Sediments of Owen Sound and 
Harbour were devoid of detectable quantities of organochlorine pesticides 
other than DDT and its metabolites and dieldrin. Owen Sound was the only 
embayment in this report to have detectable levels of dieldrin in 
sediment (8 and 1 vg/kg). 
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5. If enrichment of Collingwood Harbour continues, there is a possi- 
bility that anoxia bottom conditions could prevail. Anoxia bottom condi- 
tions t along with possible resuspension of sediment could result in 
increased rates of release of sedimented nutrients and metals to the 
water phase, further aggravating water quality conditions within the 
harbour. It is hoped that operational phosphorus removal instituted in 
1975 at the Collingwood WPCP will prevent such a nuisance condition from 
occurring . 

High levels of lead, zinc, solvent extractables and PCB in surficial 
sediments were noted for 1974 data. The probable source of PCB contam- 
ination is the municipal WPCP discharge. It is possible that lead and 
zinc have gained access to the aquatic environment through the usage of 
marine paints by the local shipbuilding industry. 

6. The highest level of mercury contamination in surficial sediments 
of 132 samples taken in 1974 from Georgian Bay, Lake Huron and North 
Channel nearshore areas and embayments was found in samples taken from 
Parry Sound Harbour. 

Parry Sound Harbour acts as a terminal storage area for hydrocarbon 
fuels brought in by tanker. High concentrations of volatile solids and 
solvent extraotibles were found at 11 sediment sampling sites in the 
Harbour. It is likely that the bottom fauna community of Parry Sound 
Harbour has been adversely affected by the presence of petroleum residues 
in sediment. 

Sediments in the area were devoid of PCB and or gano chlorine pesticides 
except DDT and its metabolites. Lead and zinc in surficial sediments of 
the southern half of Parry Sound Harbour were elevated above levels 
reported at all other stations. 

1 . 2 RECOMMENDATIONS 

The following recommendations address the major water quality problems 
identified in the preceeding summary chapter. Specific recommendations 
are included for individual embayments as well as more general recommend- 
ations applicable to all sites. Some issues such as heavy metal and 
PCB's contamination of sediments require further investigation. Additional 
surveillance is warranted in Goderich, Southampton, Owen Sound and 
Collingwood. Also, the need for continuing and improving tributary and 
intake monitoring programs is indicated. 

1.2.1 Goderich 

1. Ijocal enrichment problems in the Goderich area have been attributed 
to seasonal nutrient loadings from the Maitland River. 

An investigation should be made of point and diffuse nutrient 
sources to the Maitland River and the feasability for their control 
studied. 

Additional water quality surveillance is required in the Goderich- 
Maitland River mouth area to detect any changes in the long term 
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tvophio status and the need for further remedial measures. This 
includes: (A) improvements to the existing Maitland River moni- 
toring program including an increase in the frequency of spring 
sampling at the Hoy. #21 station to provide a more accurate quanti- 
fication of river loadings; (B) continuance of the intake monitor- 
ing program at the Goderich municipal intake with specific emphasis 
upon a long term statistical data base for phytoplankton and 
nutrient chemistry; and (C) assessment of the Goderich WPCP impact 
on water quality to determine whether additional remedial measures 
are required. 

2. Elevated chloride and dissolved solids levels in Goderich Harbour 
and the adjacent nearshore area. 

It is recommended that no further increases in chloride loadings 
from the Sifto Salt Plant be allowed and that the search for 
remedial measures to minimize chloride loadings at this site he 
expedited. 

3. Present data indicate a potential bacteriological problem in 
Goderich Harbour. 

Additional investigation is required in the Harbour to determine 
sources and clarify the extent of the problem. 

1.2.2 Southampton and Port Elgin 

1. The Saugeen River is the major source of materials input to the 
Port Elgin and Southampton areas. 

Improvements are required in the existing Saugeen River monitoring 
program which includes an increase in the frequency of spring 
sampling to facilitate a more accurate quantification of tributary 
loading. 



1.2.3 Tobermo 



EX. 



1. The local economy of the Tobermory area is strongly dependent on 
the preservation of the present pristine water quality. 

It is recommended that a specific non-degradation baseline be 
formulated for the area and that all practicable measures be taken 
to prevent further increases in loadings from controllable sources. 

1.2.4 Owen Sound 

1. Bacteriological contamination exists near the mouth of the Sydenham 
River as a result of combined sewer discharge. 

Further bacteriological studies are required to determine the 
causes, extent and frequency of bacterial contamination in the 
river; to provide a basis for remedial action. 
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2. Recent data for the surficial sediments of Owen Sound Harbour 
indicate that the municipal WPCP outfall was the major source of trace 
organic and heavy metal contamination in sediment- 

Further discharge and sediment sampling will be required in several 
years to determine whether sediment contamination is of a cumulative 
nature. 

1.2.5 Collingwood 

1. Collingwood Harbour was over-enriched during 1974 studies as a 
result of municipal WPCP discharge. 

The effectiveness of phosphorus removal facilities installed in 
1975 in improving water quality should be monitored. 

2. The sediments of Collingwood Harbour have elevated levels of PCB's, 
lead and zinc. Lead and zinc contamination in sediment resulted from 
the usage of lead and zinc based compounds by the local ship-building 
industry. 

To investigate the present usage of lead and zinc based compounds, 
especially marine paints t at the Collingwood Shipyard and the need 
for measures to prevent any further losses to the aquatic environment. 

It is recommended that further investigations be undertaken to note 
any long term changes in the level of sediment contaminants within 
the harbour. 

1.2.6 Parry Sound 

1. Present studies indicate that enrichment is not presently a problem 
in Parry Sound Harbour. 

However, further studies including source monitoring } are required 
in Parry Sound Harbour in the future to determine any trends toward 
enrichment due to the limited nutrient assimilative capacity of the 
Harbour. 

2. Petroleum residues are evident in the sediments of Parry Sound 
Harbour as a result of a past oil spillage. 

A review of facilities and procedures for preventing further 
accidental losses of fuel oil to the harbour should be made to 
assess their adequacy. 

1.2.7 Other Recommendations 

1. The embayments of Lake Huron will be the first areas to show signs 
of water quality degradation as a result of urban and industrial growth 
or, conversely, to show improvements resulting from remedial action. 

Continued monitoring of water quality in Lake Huron embayments is 
required to monitor changes in water quality and guide further 
remedial measures. 



The frequency of municipal and industrial waste water and tributary 
sampling should be upgraded to accurately monitor controls on waste 
loading to the lake. 

The Cladophora monitoring program existing in the Southwestern 
region should be extended to cover other potential problem areas in 
Georgian Bay and the North Channel. 

That the use of heterotrophic bacteria and remote sensing be adopted 
as surveillance tools in detecting the long term trophic status of 
near shore areas and embayments. 

2. High density recreational water use occurs in or adjacent to several 
Lake Huron embayments i.e. Collingwood, Owen Sound, Parry Sound, Pene tang- 
Midland, and Tobermory. 

Continued sampling is required for bacteriological indicators 
including the use of Pseudomonas aeruginosa for which specific 
recreational use criteria are required. 

3. Recent nearshore and offshore water quality studies indicate that 
the waters of Lake Huron, Georgian Bay and the North Channel are oligo- 
trophia in nature. 

To prevent the spread of nuisance algal and weed growths, all 
practicable measure be undertaken to prevent any further increases 
in nutrient loadings from controllable sources above 1974 baseline 
levels. 
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2 . INTRODUCTION 



2 . 1 BACKGROUND 



The Canada-United States Agreement on Great Lakes Water Quality was 
signed in 1972 and at that time the governments of the two countries 
requested the International Joint Commission (IJC) to undertake a 
comprehensive study of pollution problems in Lake Superior, Lake Huron 
and interconnecting waters. In the autumn of 1972, the Upper Lakes 
Reference Group (ULRG) consisting of members from Canadian and the 
United States federal, state, and provincial agencies was formed. The 
role of the ULRG was to undertake studies pertinent to the following set 
of Reference Questions and on completion of such studies, to report 
findings to the IJC. 

Reference questions: 

1. Are the waters of Lake Superior and Lake Huron being polluted on 
either side of the boundary to an extent (a) which is causing or is 
likely to cause injury to health or property on the other side of 
the boundary or (b) which is causing or likely to cause, a degra- 
dation of existing water quality in these two lakes or in downstream 
portions of the Great Lakes System? 

2. If the foregoing questions are answered in the affirmative , to what 
extent, by what causes and in what localities is such pollution 
taking place? 

3. If the Commission should find that pollution of the character just 
referred to is taking place, what remedial measures would, in its 
judgment be most practical to restore and protect the quality of 
the waters and what would be the probable costs? 

4. In the event that the Commission should find that little or no 
pollution of the character referred to is taking place at the 
present time, what preventative measures would* in its judgment, be 
most practicable to ensure that such pollution does not occur in 
the future and what would be the probable cost?(l) 



This publication outlines the technical aspects pertinent to the water 
quality of Ontario's Lake Huron local areas and embayments per ULRG 
Working Group D Project D-27. A companion report to this study is that 
of ULRG Working Group D Project Report D-24 which entails a discussion 
of water and sediment quality and fish contaminants in the Ontario 
nearshore regions of Lake Huron, Georgian Bay and North Channel (2) . 
The water quality of Penetang-Midland, Douglas Point, Spanish River 
Mouth, Serpent Harbour and St. Marys River are discussed elsewhere in 
separate reports (3, 4, 5, 6, and 7). 

Discussed in this report is the quality of water and sediments in the 
local areas of Goderich, Southampton, Port Elgin, Tobermory, Owen Sound, 
Collingwood and Parry Sound. 
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2 . 2 OBJECTIVES 

The objective of this study was to assess the status of enrichment and 
the extent of local water quality impairment at a number of locations in 
Lake Huron for the identification of existing and/or emerging water use 
conflicts from which water management policy can be formulated. 
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3. GODERICH HARBOUR 

3.1 INTRODUCTION 

As part of the 1974-75 Lake Huron nearshore water quality studies, 
samples of water and sediment were collected in the Goderich area to 
determine the local effect of tributary, municipal and industrial load- 
ings on water quality. 

In 1974, Goderich had a population of 7,044 (8) serviced by a primary 
sewage treatment plant which discharges to Lake Huron (Table 2). The 
annual total phosphorus loading to Lake Huron by this plant was 5 short 
tons/year in 1974 (12.4 kg/day, 4.5 metric tonnes/year). Table 1 details 
some of the other major materials loadings from the Goderich WPCP to 
Lake Huron. The municipal water intake for Goderich is located to the 
south of the town where filtration, chlorination and flocculation are 
used for water treatment (Table 2). 

Industrial activity within Goderich involves the extraction of salt, 
metal working, construction of road machinery and the manufacture of 
recreational products (9) . Activity along the periphery of the harbour 
involves the provision of recreational marine services, the extraction, 
processing and loading of salt and the terminal handling and storage of 
grains. 

Adjacent to Goderich Harbour (north) lies the mouth of the Maitland 
River which drains a large portion of the productive agricultural lands 
of north Huron County. The Maitland River is a significant contributor 
of total phosphorus, total nitrogen and chloride loadings to the Canadian 
sector of Lake Huron (1973 mean daily total nitrogen loading of 7,893 
kg/d, mean daily total phosphorus loading of 77.1 kg/d, and mean daily 
chloride loading of 346,998 kg/d. 

The appended map of Goderich Harbour shows the locations of stations 
that were occupied by the Ministry of the Environment during the 1974 
and 1975 field seasons (Figure 1) . Harbour stations were sampled seven 
times over this period on the following cruise dates: 

May 16, 1974 
May 21, 1974 
September 27, 1974 
September 28, 1974 
October 10, 1974 
April 22, 1975 
May 3, 1975 

Goderich Harbour has a chart datum surface area of 0.16 km'. A small 
inlet in the form of a culvert is located at the northeast corner of the 
harbour and diverts a very small percentage of the flow from the Maitland 
River. 

The bulk of data for the present study were collected using the Ministry 
of the Environment survey vessel 'Monitor IV. A small portable laboratory 
was located in the wheelhouse to enable onboard analyses of dissolved 



- 12 - 



TABLE 1 

1973 GODERICH MUNICIPAL W.P.C.P. LOADINGS 
TO LAKE HURON 

Operating flow = 1.37 MGD 
(design flow 1.0 MGD) 







Effluent 




Loading 


mean concentration 


Parameter 


kg/d 


mg/1 


BOD 


49.9 


8 


Suspended Solids 


31.8 


5.1 


Dissolved Solids 


3142 


505 


Total P 


22.7 


3.65 


Soluble P 


20.4 


3.3 


Total N 


87.2 


14 


NH 3 


2.3 




CI 


681 


110 
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TABLE:2-MUNICIPAL WATER USE AND SEWAGE TREATMENT ALONG THE LAKE HURON SHORELINE 









WAT 


E R S 


UPPLY 






SEWAGE 


T R E A 


T M E N T 










Daily Taking 


Plant 




Average 






Works 




Municipality Population 




(■ 


3 /sec) 


Capacity 




Daily Flow 






Capacity 


Receiving 


Classification 


(1974) 


Water Source 


Av. 


Max. 


m3/sec 


Treatment 


(mVsec) 


Works Type 




nw/sec 


Water 


Thessalon (T) 


1,808 


North Channel 


.006 


.025 


.091 


c: 




Secondary 




.016 


North Channel 


Blind River (T) 


3,039 


Groundwater 


.026 


.032 


.042 


Ci 


- 


Individual Septic 


Tanks 


- 


- 


Gore Bay (DT) 


697 


North Channel 


.005 


.008 


.015 


c: 


- 


Individual Sewage 


Disposal 




- 


Little Current (T) 


1,443 


North Channel 


.024 


.036 


.031 


- 


- 


Lagoon 




.005 


North Channel 


Parry Sound (DT) 


5,614 


Georgian Bay 


.041 


.057 


.178 


Cl.F 


.037 


Primary, P removal 




.042 


McCurry L. , Harbour 


Waubashene (V) 


1,090 


Georgian Bay 


.003 


.007 


.023 


CI 




Individual Septic 


Tanks 






Victoria Harbor (V) 


1,137 


Georgian Bay 


.003 


.007 


.038 


CI 




Individual Septic 


Tanks 






Port McNicoll (V) 


1,429 


Georgian Bay 


.016 


.027 


.043 


Ci 




Contact Stabilization, 


.012 


Hog Bay 


















P. removal 








Midland (T) 


11,117 


Groundwater 


.052 


.084 


.14 


CI 


.068 


Primary, P. removal 


.066 


Midland Bay 


Mental Health Cent 


re - 






















Penetanguishene 


N.A. 


N.A. 


N.A. 










Secondary, P. removal 




Penetang Bay 


Penetanguishene (T) 


5,381 


Groundwater 


.033 


N.A. 


.084 


none 


.018 


Contact Stabilization, 


.017 


Penetang Bay 


















P. removal 








Wasaga Beach(T) 


4,034 


System 


U n d e 


r C 


o n s t r 


action 




System Un 


d e r 


Const 


ruction 


Collingwood(T) 


10,496 


Georgian Bay 


.142 


.174 


.553 


CI 


.132 


Primary, P. removal 


.221 


Georgian Bay 


Thombury(T) 


1,290 


Beaver River 


.021 


.047 


.023 


Filtration, 




Lagoon 






Georgian Bay 














CI, Flocculation 










Meaford(T) 


4,161 


Georgian Bay 


.046 


.081 


.152 


Filtration 


.021 


Secondary (High rate 


.045 


Georgian Bay 














CI 




trickling filter 


1 






Owen Sound (C) 


18,024 


Georgian Bay, 


.14 


.196 


.263 


Filtration, 


.158 


Primary, P. removal 


.158 


Georgian Bay 






Groundwater 






.058 


Flocculation, 










Wlarton (T) 


2,023 


Georgian Bay 


.028 


.046 


.105 


CI 




Lagoon 




.008 


Georgian Bay 


Lions Head (V) 


497 


Georgian Bay 


.001 


N.A. 


.001 


N.A. 




Individual Septic 


Tanks 






Southampton (T) 


2,119 


L. Huron 


.018 


.048 


.053 


Filtration, 


CI 


Oxidation Ditch 




.035 


Saugeen River 


Port Elgin (T) 


3,852 


L. Huron 


.022 


.026 


.046 


Filtration, 


CI 


Oxidation Ditch 




.038 


Saugeen River 


Kincardine (T) 


3,500 


L. Huron 


.017 


.042 


.159 


Filtration, 


CI. 018 


Lagoon 




.017 


Penetagore R. 


Goderich (T) 


7,044 


L. Huron 


.055 


.126 


.079 


Filtration, 
CI, F 


.053 


Conventional Secondary 


.053 


L. Huron 


Grand Bend (V) 


778 


L. Huron Water 










Individual Sewage Dlsposa! 


I 








Supply System 




















L. Huron Water 




L. Huron near 


1.195 


N/A 


N/A 














Supply System 




Grand Bend 





















T-Town; DT-District Town; V-Village; C-City 
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Figure 1 Goderich Harbour Station Locations 



GODERICH HARBOUR 

Soundings Irom Dcpl. of Public Works Lind 
rhe Canadian Hydrography Service to lw1 

SOUNDINGS IN FEET 
Natural Scale 1:7,200 




Figure 2 Goderich Harbour Bathymetry 

Source: Canadian Hydrographic Chart 2291 



oxygen, alkalinity, temperature, pH and sample filtration. The other 
survey vessel used during the study was the 54* survey vessel 'Guardian 
I*. Sampling methodology, sample preservation and analytical methods 
were followed according to OMOE procedures {10,11,12). 

3.2 DATA PRESENTATION 

Simple statistics involving averages*, standard deviation (±lo from the 
mean) , minimum, maximum and sample sizes were combined for two pooled 
station groups for cruises occurring in the same month and are presented 
in Table 3. Group 1 stations are the three water quality stations in 
the harbour (17-001, 17-003 and 17-004; Figure 1) . Group 2 stations are 
seven adjacent offshore water quality stations (64, 65, 66, 67, 68, 69 
and 365) which were assumed to be within the Goderich/Haitland River 
zone of influence. It should be noted that a mixing zone has not been 
identified or specified for the Goderich area. As such, data are pre- 
sented as pooled station averages solely for data presentation and 
convenience. Ba thyme trie features of Goderich Harbour are shown in 
Figure 2. 

3.3 WATER CHEMISTRY 

3.3.1 Nutrients and Productivity 

Total nitrogen (total Kjeldahl N + N0 2 -N + N0 3 -N) levels ranged from 
.213 to 1.08 mg N/1 for harbour stations and from .222 to 1.342 mg N/1 
for offshore stations throughout all survey cruises (Table 3) . Highest 
levels and variances for pooled stations were noted for the spring 
(April and May) cruises of 1974 and 1975 respectively. For spring time 
frames, offshore stations were noted to have the highest total nitrogen 
levels and this difference is attributed to the geometry of the Maitland 
River mouth which discharges directly offshore to the north of Goderich 
Harbour. The vertical distribution of total nitrogen in the shallow 
waters of the harbour displayed no significant differences. 

Nitrate (N0 3 -N) levels ranged from .019 to .61 mg N/1 in surface waters 
of the harbour and from .020 to .96 mg N/1 surface waters at offshore 
stations over all cruise periods. Like total nitrogen, nitrate levels 
were the highest in offshore locations, with levels and variances of 
clustered station groupings greatest during the spring. No significant 
differences were noted in the vertical distributions of nitrate within 
the harbour. 

Nitrite (NO2-N) is a short-lived intermediate compound of the nitrogen 
cycle and is usually found in very small amounts in surface waters. 
Nitrite levels over all cruises ranged from .002 to .011 mg N/1 in 
surface waters of the harbour and from .002 to .010 mg N/1 in offshore 
surface waters. Nitrite levels were generally low in fall with slightly 
higher values reported in spring at both harbour and offshore stations. 
This trend could be correlated with elevated nitrate and organic nitrogen 
levels in spring. Vertical differences in nitrite levels in the harbour 
were not apparent. 



* . 

Arithmetic means for all oat^r quality variables except bacterial vari- 
ables which are reported as geometric means. 
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Free Ammonia (NHi,-N) levels over all cruise periods ranged from .01 to 
.06 mg N/1 in harbour waters and .01 to .02 mg N/1 in offshore surface 
water samples. Little vertical difference in concentrations were noted 
in the harbour. Ammonia levels were highest in the harbour waters in 
fall. This may be due to local warming of harbour water relative to 
offshore and to effects of the activity of bacteria. 

Total Kjeldahl nitrogen levels ranged over all sampling periods from .12 
to .65 mg N/1 for harbour waters and from .18 to .43 mg N/1 for offshore 
surface waters. No significant variations with depth were noted in the 
concentration of total Kjeldahl nitrogen in harbour waters. Levels were 
generally greatest during spring (April and May) cruises and especially 
during the April cruise of 1975 where total Kjeldahl nitrogen levels for 
the three harbour stations ranged from .415 to .65 mg N/1. 

Total phosphorus (dissolved + particulate) levels over the entire study 
period ranged from .005 to .14 mg P/l in surface waters of the harbour 
and .009 to .039 mg P/l for pooled offshore stations (surface water 
only) . No major seasonal variations in total phosphorus levels could be 
inferred due to a lack of time series data for harbour and offshore 
stations. Levels were highest during the April 1975 cruise where they 
ranged from .040 to .14 mg P/l. 

Dissolved phosphorus in the harbour over the entire study period ranged 
from .001 to .019 mg P/l. Dissolved phosphorus levels exhibited a 
similar downward trend in concentration as a function of distance lake- 
ward from the innermost harbour station as did total phosphorus levels 
(Figure 3). As with total phosphorus, dissolved phosphorus trend 
variations with time could not be inferred due to a lack of time series 
data. 

Chlorophyll a is an indicator of the quantity of aquatic plant material 
present in the photic zone of a lake. Chlorophyll a levels during the 
present study ranged from 1.3 to 8.0 Ug chlorophyll a/1 in harbour 
waters and from 0.5 to 6.5 yg chlorophyll a/1 in the offshore station 
cluster (Table 3). Although a long term data record is not available, 
present data could suggest a spring algal bloom. Chlorophyll a levels 
(Figure 3) showed a diminishing trend as a function of distance lakeward 
from the innermost harbour station (17-004) in spring. Levels of 
chlorophyll a during the September 1974 cruise were suppressed (1.3 to 
3.2 jig chlorophyll a/1; Table 3) in the harbour relative to May 1974 
levels (Figure 3) . 

Several criteria have been proposed for the classification of lakes in 
accordance with their trophic status based on abundance of biomass, 
phytoplankton production, nutrient concentration, nutrient loads, surface 
to volume ratio and sediment type. While no one criterion provides a 
reliable characterization, all of these guidelines have been suggested 
for detecting changes in the trophic status of lakes and provide a 
relationship to water use for recreational and aesthetic enjoyment. 

National Academy of Sciences and National Academy of Engineering (13) in 
their report on water quality criteria (1972) suggested ranges for mean 
summer chlorophyll a concentrations determined in epilimnetic water 
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Figure 3 Goderich Harbour Selected Parameter Summary Plots 
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supplies as indices of the trophic status of a lake: oligotrophic 0-4 ug 
chlorophyll a/1; eutrophic 10-100 ug chlorophyll a/1. Dobson, Gilbertson 
and Sly (14) have proposed a criterion to evaluate the state of eutro- 
phication of lakes based on levels of chlorophyll a; mesotrophic range 
4.4-8.8 ug chlorophyll a/1. It has also been suggested (15) that at 
concentrations above 2 Ug chlorophyll a/1, mesotrophic conditions may 
prevail. 

Results of a long term study (16) on phytoplankton assemblages at the 
Goderich and Grand Bend municipal intakes indicate that moderately high 
algal populations characteristic of mesotrophic lakes occur in the 
Ontario nearshore waters of southeastern Lake Huron. 

Levels of the macronutrients nitrogen and phosphorus were high in the 
Goderich area, especially during spring and are associated with the 
discharge of the Maitland River which receives significant spring runoff 
of nutrients. Levels of nitrogen and phosphorus in the coastal area off 
Goderich vary according to the time of year of peak river discharge and 
loadings from the Maitland River (especially nitrogen in the spring). 

Total nitrogen to total phosphorus ratios for stations offshore varied 
from 36:1 in the spring to 14.4:1 in the fall. Phosphorus levels in 
Maitland River tend to remain stable relative to fluctuations of nitrogen 
levels throughout the year. Of further significance is the coastal 
entrapment of tributary influent nitrogen in Lake Huron nearshore 
segment B by coastal physical processes (2,17,18). 

The long term trend for total nitrogen levels in Maitland River from 
1964 to present indicates an increase in concentrations. On a year to 
year basis, maximum loadings and levels of total nitrogen in Maitland 
River occur in winter and early spring (November to March) . Historical 
trends of total nitrogen levels and loadings towards a general increase 
necessitates some cause for concern. Sources of nitrogen levels in the 
Maitland River are diffuse in nature and therefore difficult to trace 
and control. Maitland River will probably continue to remain a major 
contributor of nitrogen loadings to Lake Huron segment B and Goderich 
Harbour in the future (2) . 

3.3.2 Dissolved Constituents 

Chloride 

One of the most significant water quality variables in the Goderich area 
is that of chloride. In 1974, chloride levels within the harbour were 
three times higher than at offshore stations. Correspondingly, high 
conductivity levels were also noted in the harbour (1.3 times that of 
off-shore values) . A distinct diminishing gradient of conductivity and 
chloride as a function of distance lakeward from station 17-004 was 
noted with maximum values reported at this station (Figure 3) . The 
Maitland River is the source of chloride to the area. Historical water 
quality records maintained by the Ministry of the Environment for a 
monitoring station at Hwy. 21, indicate that chloride levels range from 
5 mg Cl/1 to 700 mg Cl/1. When ranked against all other rivers on the 
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Canadian side of Lake Huron, Georgian Bay and North Channel, the Maitland 
River on the basis of 1973 calculated loadings contributed 43.3% of all 
chloride from tributary sources. 

The major source of chloride to the Maitland River is the discharges of 
Domtar Chemicals Ltd. (Sifto Salt Division) , Brine plant located 'M km 
from the river mouth. 

Maximum concentrations of chloride in the Maitland River at Hwy. 21 on a 
year to year basis tend to occur in late summer (July to October) . This 
is probably associated with spring runoff dilution effects and summer 
low flow concentration effects. Available data suggest that chloride 
discharges from upstream point sources have diminished and should 
continue to diminish with the addition of waste treatment at point 
sources. 

Specific Conductance 

There is a direct relation between the total concentration of a ionic 
species in water and its specific conductance. Conductance serves as a 
control parameter and is an excellent indicator of water quality changes 
since it is sensitive to variations in dissolved solids concentrations. 

Specific conductance during the present study ranged from 192 to 488 
pS/cm at harbour stations and from 204 to 294 pS/cm at offshore stations. 
The lakeward distance trend for conductance, as with chloride, showed a 
diminishing gradient as a function of distance lakeward (Figure 3) . A 
strong correlation was noted for chlorides versus conductivity which 
suggested that chloride was the major dissolved ion in water. Historical 
records of conductance and chloride were compared for the Maitland River 
water quality monitoring station at Hwy. 21. A strong correlation 
indicated that chloride was the major dissolved ion in the river. As 
with chloride levels, conductivity showed temporal trends with lowest 
levels occurring during spring which was attributed to dilution effects 
during peak river discharge. 

Sulphate 

Sulphate levels were noted to vary over a wide range in harbour waters 
(1.5 to 39 mg S0i,/1) , with greatest variances noted during the May 1974 
cruise for the two inner harbour stations 17-003 and 17-004. A virtually 
straight line relationship with negligible slope was noted for cruise 
mean sulphate concentrations lakeward from harbour Station 17-001. The 
presence of elevated sulphate levels in the harbour is difficult to 
assess at this time due to a lack of data on the activity of heterotrophic 
bacterial populations , storm sewer inputs and sediments . 

3.3.3 Dissolved Oxygen 

Dissolved oxygen in water is derived from the atmosphere and through 
photosynthesis by aquatic plants. Ample dissolved oxygen is necessary 
to support fish and other aquatic life. Oxidation of inorganic compounds 
and decomposition of organic matter can deplete lake oxygen stocks. 
When large quantities of organic matter are introduced to aquatic 
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systems, the rate of oxygen demand may exceed the rate of oxygen replen- 
ishment and produce an oxygen deficit. Oxygen depletion leads to an 
anaerobic environment which restricts aquatic life and contributes to 
the release of nutrients and heavy metals from sediments. Dissolved 
oxygen levels vary diurnally and seasonally as a result of photosynthesis 
and lake temperature, respectively. In a freshwater lake, bottom or 
hypolimnetic water is the habitat for cold water fish. When a lake 
becomes thermally stratified a thermocline is formed which hinders the 
reaeration of hypolimnetic water. This zone would remain near saturation 
with oxygen, provided there is no great addition of organic matter. 

The content of dissolved oxygen in water at equilibrium with the normal 
atmosphere is a function of temperature. Solubility decreases with 
increased temperature. A more meaningful way of expressing the dissolved 
oxygen content of a lake is to convert to a percentage value of theore- 
tical solubility, of oxygen at a specific temperature (percent oxygen 
saturation) . 

Dissolved oxygen levels during the present study ranged from 8.0 to 13.6 
mg 2 /l in surficial waters and 9.1 to 13.6 mg 2 /l in bottom waters of 
the harbour. Percent oxygen saturation values ranged from 73 to 111% in 
surficial waters and 86 to 110% in bottom waters. Oxygen levels in 
surficial and bottom waters of the harbour were all within OMOE water 
quality criteria (19) and no oxygen depletion problems were noted. 
Dissolved oxygen levels were generally lowest at the innermost harbour 
station 17-004 (8.0 to 9.8 mg 2 /l) . It is likely that harbour seiches 
could affect the re-suspension of sediment with a resultant oxygen 
demand throughout the water column. 

3.3.4 Phenols 

Phenolic compounds, collectively referred to as phenols, are hydroxyl 
derivatives of benzene or its condensed nuclei and are present in waste 
flows from many industrial processes. Depending on the concentration, 
the presence of these materials may be toxic to fish or taint the flesh 
of fish. Phenols are taste producing organic compounds which render any 
water in which they are present unpalatable. 

Phenols were sampled during the present study at surface depths only 
(1.5 m) . There are presently no known industrial sources of phenolic 
compounds in the Goderich area. Phenol levels above the analytical 
detection limit of 1 ug Phenol/1 were noted for harbour stations 17-003 
and 17-004 during the September 29, 1974 cruise where the level was 2 ug 
Phenol/1 for both stations. Phenol levels during the September cruise 
were not significantly elevated to pose any water use conflicts. 

3.3.5 Transparency 

Materials in suspension influence water clarity by reducing the depth of 
light penetration and depth of the photic zone in a lake. 
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Turbidity is caused by scattering of incident light by colloidal or 
suspended materials such as algae, bacteria, detritus, clay and other 
minerals. Colour and turbidity influence the acceptability of water for 
human consumption. 

A Secchi disc is used to measure the depth to which direct sunlight or 
the diffusive skylight penetrates water. The depth of light penetration 

to the 1% incident light level is assumed to be twice the Secchi depth 
in Lake Huron. 

Elevated turbidity levels and diministed Secchi depths were noted in the 
harbour and adjacent nearshore area over the entire study period. 
Secchi depths ranged from .1 to 6.5 m in harbour waters and from .3 to 
3.5 m at offshore stations. Widest ranges and variances in Secchi 
depths were noted to occur in harbour waters during the May 1974 cruise, 
where the harbour average for the two-day cruise was 1.66 m ± 2.73. 

Turbidity values over the survey period ranged from .34 to 67.0 FTU 
(formazin turbidity units) in the shallow waters of the harbour and from 
1.7 to 27.0 FTU at offshore stations. As with Secchi depths, highest 
levels and variances in turbidity levels were noted for both groups of 
clustered stations in spring. Similar to other water quality variables 
(total phosphorous, chlorophyll a_ and chloride; Figure 3) , turbidity 
levels were noted to display a dimishing trend as a function of distance 
lakeward from the inner-most station of the harbour and over all time 
frames. Distance trends for Secchi depths lakeward for two cruise 
periods spring and fall 1974, were distinctively different. Data for 
the spring cruise indicated diminishing Secchi depths with distance 
lakeward. Fall cruise data showed an opposite trend of increasing 
Secchi depths with distance lakeward. 

Diminished Secchi depths and elevated turbidity levels indicate an 
abundance of suspended solids. Another report by the authors (2) de- 
tailed low and seasonally variant Secchi depths and high turbidity 
levels in the Lake Huron nearshore area extending from Sarnia north to 
Kincardine. Another investigation by Bukata et^ al^ (21) yielded similar 
results. 

High levels of suspended solids along the southeastern coastline of Lake 
Huron has been attributed to source related materials from natural 
shoreline erosion, spring tributary discharge and resuspension of lake 
sediments. The energy required to mobilize such a strong littoral drift 
of suspended matter is enormous. The physical dynamics of eastern Lake 
Huron coastal regions has been reported by several authors (17,18,21) 
with primary processes noted as being a thermal bar and strong coastal 
currents. Nearshore entrapment has been discussed by Csanady (18) and 
it is likely that the thermal bar has a strong effect on this phenomenon. 
Turbidity levels were greatest in Goderich Harbour, which is due to 
seiche effects and harbour containment. Although algal productivity was 
moderately high in Goderich Harbour during spring, it is likely that the 
algal biomass would be a small proportion of the suspended material in 
the harbour. 
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3.3.6 Alkalinity and pH 

Alkalinity of harbour waters over the study period ranged from 92 to 152 
mg CaCOj/l with a total harbour average of 111 mg CaCOj/1 ± 21. Although 
a long term water quality record does not exist for the harbour, wide 
ranges and variances in alkalinity are expected to be governed to a 
large extent by harbour mixing, seasonal fluxes in Maitland River loadings 
and biological activity. 

The pH of surficial harbour waters ranged from 6.9 to 8.3 and from 7.2 
to 8.4 in bottom waters. Wide ranges and variances are expected to be 
governed to a large degree by harbour mixing and biological activity. 

3.4 WATER MICROBIOLOGY 

Table 4 summarizes the levels of the health-oriented indicator bacteria 
for grouped stations. On the basis of geometric means, all levels were 
within the Ministry of the Environment criteria (19) for water contact 
recreation and municipal water intake and within the specific Water 
Quality Agreement objectives (21) , However, due to lack of sufficient 
sample size, inadequate sample frequency and the presence of a few 
individual samples exceeding the limits of available criteria (19) , it 
cannot be concluded that bacteriological contamination does not occur in 
the area. 

3 . 5 SEDIMENTS 

Composited grab samples (Shipek dredge) of surficial sediments (0-5 cm) 
were taken for all stations within the harbour. All samples were of 
clay in composition with small accumulations of organic matter. Levels 
of ether solubles in sediment indicate local accumulation of organics. 
The heavy metals: zinc, lead, mercury, copper, chromium, nickel and 
iron, all demonstrated diminishing gradients of concentration as a 
function of distance lakeward from station 17-004. Levels of metals, 
nutrients and organics in the sediments of Goderich Harbour were low 
relative to all other study areas (Parry Sound, Pene tang-Midland, 
Collingwood and Owen Sound). PCB's and pesticides were not analyzed in 
harbour sediments, however, 1976 sampling will hopefully fill this data 
gap. 

3.6 SUMMARY 

The water quality status of Goderich Harbour is determined to a large 
degree by mixing, urban/street runoff, resuspension of sediments and 
tributary loadings. The main problems identified in the Goderich area 
in 1974/75 pertain to moderately high loadings of suspended solids, 
chloride, phosphorus and nitrogen from the Maitland River to coastal 
Lake Huron. In response to nutrient inputs, algal levels were elevated 
in the area suggesting mesotrophic conditions. 

Levels of suspended solids in Goderich Harbour and adjacent Lake Huron 
are moderately high and occur as a result of natural shoreline erosion, 
resuspension of sediment and tributary drainage. 
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Table 3 



SELECTED WATER QUALITY PARAMETERS - GODERICH AREA 



Goderich Offshore Zone of Influence 



Goderich Harbour 



Parameter 



May '74 



Total 

Phosphorus 
(mg/1) * 



.027+. 009 

(6) 
.016-. 039 



Sept '74 



.0181.006 

(10) 
.009-. 029 



Apr '75 



.032+. 006 

(11) 
.02-. 039 



May '74 



0281.014 

(11) 
005-.052 



Sept '74 



.031+. 0072 



Apr '75 



.064+. 038 



(18) 



(6) 



016-.044 



.040-. 14 



Total 



.97 ±.26 



(6) 



Nitrogen (mg/1)* .86 -1.35 



.259+029 

(10) 
.222-. 304 



.906±.29 

(11) 
.461-1.342 



.7474.346 

(11) 
.382-1.08 



.320+. 048 



.5961.073 



(18) 



.213-. 403 



.524-. 736 



(5) 



Chloride 
(mg/1)* 



6.78 +3.12 

(6) 
1.0 -9.7 



5.841.45 



(10) 



5.5-6.5 



7.0111.7 22. 2117. 56 

(12) (11) 

5.7 -11.0 5,4-55.0 



18.03+4.80 



10.0 -24.0 



23.45+10.88 
(18) (6) 

6.7 ±34.0 



SJ1 



Dissolved 
Reactive 
Silicate (mg/1) * 



.67 ±.175 

(6) 
.5 -1.0 



.781.27 

(10) 
.6 -1.55 



.95±.46 .8543 1.078 

(11) (18) 

.5 -1.5 .75-. 95 



No Data 



Sulphate 
(mg/1)* 



20.6712.34 

(6) 
18.0-24.0 



15.91.46 15.67±2.34 

(10) (12) 

15.0-16.5 11-19.5 



21.18+11.36 23.69+3.15 24.75±.04 
(11) (18) 

1.50-39.0 18.5-27.5 14.0-29.5 



(6) 



Conductivity 
( yimhos/cm) * 



257+33.15 
(6) 
212-294 



20712.87 243.4125.98 

(10) (12) 

204-212 215-294 



3291128.53 274.22+25.99 

(11) (18) 

192-488 230-304 



367.67+68.15 

(6) 
248-422 



Chlorophyll a 
(pg/D* 



4.87+1.65 



(6) 



2.1-6.5 



.911.34 



.5-1.6 



(7) 



2.11.57 



1.7-2.5 



4.812.85 



(2) 



(5) 



1.4-8.0 



1.98+.61 



1.3-3.2 



(8) 



No Data 



Secchi Depth* 
(meters) 



.6+. 45 



1.7411.29 



641.261 



1.6612.73 



(6) 



(9) 



(12) 



(5) 



. 3-1.5 



2-3.5 



3-1.0 



0.1-6.5 



.433±.lll 



.200-. 500 



(9) 



42+. 26 
20-. 90 



Turbidity 17. 1717.78 
F.T.U. (6) 

Formazin (units)* 5.0-27.0 



6.41+5.04 

(10) 
1.7-14.0 



9.6815.1 



4.2-17.0 



19.71119.2 
(12) (11) 

.40-54.0 



24.22+8.3 



25+25.2 



(18) 



11.0-43.0 



34-67.0 



(6) 



Table: 3A 



SELECTED WATER QUALITY PARAMETERS - GODERICH AREA 



Goderich Offshore Zone of Influence 



Goderich Harbour 



Parameter 



May '74 



Sept ' 74 



Apr '75 



May '74 



Sept '74 



Total Coliform** 27.84+212.99 175.48+13608.8 14.8+183.0 

-3.64(6) -2.26(10) -1.2 (12) 
(MF/100 ml) 1.0-312.0 1.0-71,000.0 1.0-610.^ 



No Data 



No Data 



Apr '75 



271+726 

-102 (6) 
80-926 



Fecal Coliform** 
(MF/lOOml) 


2.69+8.46 

-.86(6) 
1.0 -12.0 


2.73+22.42 
-.33(7) 
1.0 -280.0 


1.7+3.7 

' -.8(12) 
1.0-10.0 


15.89+107.32 

-2.35(11) 
1.0-112 


21.19+59.79 

-7.51(17) 
2.0 -122.0 


28+55 

-14 

8-60 


(6) 


Fecal Strep.** 
(MF/100 ml) 


2.29+8.26 
-.63(6) 
1.0-12.0 


1.0 +1.0 

-1.0(10) 
1.0 -1.0 


2.9+13.8 

-.6(12) 
1.0-48.0 


11.68+102.16 

-1.34(11) 
1.0-180 


28.13+93.76 

-8.44(18) 
4.0 -216.0 


25+279 
-2.3 

1-272 


(6) 



to 



* Arith. Mean ± Std. Dev. 

(Number Samples) 
Minimum - Maximum 



** Geom.Mean + Max. Std. Dev. 

- Min.Std.Dev. (Number Samples) 
Minimum - Maximum 



Further investigations are required to document the nature and extent of 
bacterial contamination in Goderich Harbour, Maitland River and offshore 

Lake Huron . 

Significant inputs of nitrogen from the Maitland River to Lake Huron are 
occurring and will continue to occur in the future. 

The Pollution Control Branch of the Ontario Ministry of the Environment 
has requested Domtar Chemicals Ltd. to investigate alternatives to the 
control of chloride bearing effluents from the Sifto Salt Division Plant 
at Goderich, Ontario. 
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Table 4 


CODE RICH HARBOUR 
1974 


SEDIMENT ANALYSIS 




Station No. 


17-004 


17-003 


17-001 


Sample depth 


0-5 cm 


0-5 cm 


0-5 cm 


Sample type 


clay /organic 

material 


clay/pebbles 


clay/organic 
material 


% Loss on ignition 


4.2 


4.4 


3.4 


Total Phosphorus 
mg/gm 


.5 


.3 


.2 



Total Kjeldahl 1.0 
Nitrogen mg/gm 

Solvent Extractables 179 
mg/kg 

Zinc mg/kg 2 5.9 

Cadmium mg/kg <2 

Lead mg/kg 65.5 

Mercury mg/kg .082 

Copper mg/kg 2 5.9 

Chromium mg/kg 2 8.3 

Nickel mg/kg 2 3.4 

Iron % 1.35 



<.5 



90 



<.5 



250 



47.6 


15.7 


2.96 


<2 


51.5 


33.1 


.076 


.019 


15.3 


12.8 


19.3 


15.2 


15.8 


10.8 


.873 


.545 



Note: all samples composited from multiple "Shipek" dredge grab samples 
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4. SOUTHAMPTION - PORT ELGIN 

4 . 1 INTRODUCTION 

As part of the 1974-75 Lake Huron nearshore studies, samples of water 
and sediment were taken in the Southampton and Port Elgin areas to 
determine the local effects of tributary, municipal and industrial 
loadings on water quality. In 1974, the populations of the towns of 
Southampton and Port Elgin were 2,119 and 3,852 (8) respectively. 
Southampton is presently serviced by a secondary sewage treatment plant 
(oxidation ditch operational fall of 1974) which discharges to Saugeen 
River (Table 2) . The Town of Port Elgin is also serviced by a secondary 
sewage treatment plant which also discharges to the Saugeen River (Table 
2). 

Both municipalities rely upon Lake Huron for municipal water supply 
(Table 2) for which filtration and chlorination is used for treatment. 
Location of intakes is shown in Figure 4, (station 20-011 Southampton 
and station 20-010, Port Elgin) . 

Industrial activity in Southampton involves the manufacture of furniture 
and ceramics (9) . Southampton also serves as base of operations for a 
small commercial fishing fleet. 



Southampton Harbour receives drainage from the Saugeen River (1973 mean 
daily flow of 55.5 m 3 /sec, mean total phos] 
mean total nitrogen loading of 5,987 kg/d) 



daily flow of 55.5 m 3 /sec, mean total phosphorus loading of 480 kg/d and 



Figure 4 shows the locations of stations that were occupied by the 
Ministry of the Environment in the Southampton-Port Elgin areas during 
the 1974 and 1975 field seasons. Water quality stations were sampled 
four times over this period on the following cruise dates: 

May 20, 1974 
September 12, 1974 
April 29, 1975 
May 2, 1975 

Figure 5 shows the bathymetric features of Southampton and Port Elgin 
harbours. Port Elgin receives no tributary drainage to the harbour. 

Data for the 1974 study were collected using the Ministry of the Environment 
36* survey vessel "Monitor IV". A small portable laboratory was located 
in the wheelhouse to enable onboard analyses of dissolved oxygen, alkalinity, 
temperature, pH, and sample filtration. Studies in 1975 were done using 
the 54" Ministry of the Environment survey vessel Guardian I. Sampling 
methodology, sample preservation, and analytical methods were followed 
according to OM0E procedures (10,11,12). 
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Figure 5 Southampton - Port Elgin Harbours Bathymetry 
Source: Canadian Hydrographic Chart 2292 
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TABLE: 5 1974 Water Quality Parameter Summary Southampton-Port Elgin Area. 



PARAMETERS 

Total 
Phosphorus* (mg/1) 



SOUTHAMPTON HARBOUR 
May '74 

.03951.0005(2) 

.039-. 040 



STATION 15-005 
Sept. '74 

.0275+. 0005(2) 
.027-. 028 



SOUTHAMPTON/PORT ELGIN 
May '74 

.008+. 001(6) 
.01-. 006 



OUTER 
May 



STATIONS 
•75 



.014+. 002(14) 
.011-. 020 



Total 
Nitrogen* (mg/1) 



1. 09+. 02(2) 
1.07-1.1 



6041.040(2) 
564-. 644 



441.04(6) 
372-. 452 



.5111.05(14) 
.441-. 598 



Chloride* (mg/1) 



5.5+0(2) 
5.5-5.5 



8.81.2 (2) 
8.6-9.0 



6.011.04(6) 
6.0-6.1 



5. 61. 14 
5.3-5.8 



14) 



Dissolved 
Silica* (mg/1) 



3.1+.1 
3.0-3.2 



1.751.1(2) 
1.65-1.85 



1.321.14(6) 
1.1-1.5 



N.D. 



Sulphate* (mg/1) 



28.010(2) 
28.0-28.0 



26.25+1.25(2) 
25-27.5 



14.8+1.5(6) 

12-16 



14. 1±. 65(14) 
13-15 



Conductivity* 

(yg/cm) 



391+1(2) 
390-392 



600+20(2) 
580-600 



205.6713.44 
202-212 



211+5.9 (14) 
207-233 



Chlorophyll a* 
(ug/1) 



1.5+0(1) 
1.5-1.5 



2.2+0(1) 
2.2-2.2 



.821.29(6) 
.4-1.2 



1.31.43(14) 
.6-2.3 



to 



Secchi Depth* 
(meters) 



.310(1) 
.3-. 3 



1.0+0(1) 
1.0-1.0 



2.671.6(6) 
1.5-3.0 



1.851.66(14) 
.8-3.0 



Turbidity (FTU)* 20+1(2) 
Formazin Units 19-21 



Alkalinity* (mg/1) 



4112 (2) 
39-43 
8514 (2) 
81-89 



1.61.77(6) 
1.3-3.2 



2.4+1.6(14) 
.95-7.4 



191+1(2) 
1901192 



90.014.1(6) 
85-94 



8814.5(14) 
80-92 



%0' Saturation* 



95 + 1(2) 
94-96 



49.5+5(2) 
49-50 



108.3+1.97(6) 
105.0-110.0 



107+2.31(14) 
102-110 



Total Coliform** 
Bacteria (mf/lOOml) 



24001(1) 



6649.816720.9(2) 
-6579.5 

6600-6700 



6.97+35.17(6) 
-1.38 

1.0-112.0 



1.6+2.9(9) 

-.9 

1-4 



Fecal Coliform** 48.01(1) 
Bacteria (mf/lOOml) - 



19.59139.2(2) 

-9.79 

12.0-32.0 



1.5114.17(6) 

-.55 

1.0-12.0 



1(9) 



Fecal Strept.** 12.01(1) 
Bacteria (mf/100ml) - 



12.0+12.0(2) 

-12.0 

12.0-12.0 



1.011.0(6) 

-1.0 

1.0-1.0 



1.3 + 2 

-.8 

1-4 



1(9) 



*Arth. Mean t Std. Dev. 
Minimum - maximum (No. of Samples) 



**Geom. Mean + Max. Std. Dev. 

-Min. Std. Dev. (No. of Samples! 

Minimum - maximum 



4.2 DATA PRESENTATION 

Simple statistics involving averages*, standard deviation (±la from the 
mean) minimum, maximum and sample size were combined for two pooled 
station groups for cruises occurring in the same month (Table 5). Group 
1 stations involved a single station located at the mouth of the Saugeen 
River 15-005 (Figure 4) . Stations in Group 2 of the nearshore station 
grouping included 86, 88, 89, 90, 91, 366 and 367 (Figure 4). It should 
be noted that a mixing zone has not been identified or specified for the 
Southampton and Port Elgin areas. As such, data are presented as pooled 
station averages solely for data presentation and convenience. 

4 . 3 WATER CHEMISTRY 

4,3.1 Nutrients and Productivity 

Total Nitrogen (total Kjeldahl nitrogen + N0 2 -N + N0 3 -N) levels ranged 
from .564 to 1.07 mg N/1 for the Saugeen River mouth station and from 
.372 to .598 mg N/1 for the clustered offshore stations (Group 2). 
Levels at the river mouth indicate that the Saugeen River is the major 
source of nitrogen to the area. It should be noted that all data 
presented here are biased since the reported sampling periods were 
conjunctive with periods of peak river runoff and loadings. 

Nitrate (N0 3 -N) levels over the study period ranged from .14 to .44 mg 
NO3/I at Saugeen River Mouth and .25 to .33 mg N0 3 /1 at offshore stations. 

Nitrite (N0 2 -N) levels at the River Mouth Station ranged from .004 to 
.020 mg N/1 and from .002 to .005 mg N/1 at offshore stations. As with 
the total nitrogen and nitrate levels, nitrite was found to have the 
greatest levels and variances near Saugeen River Mouth. 

Free Ammonia (NH^-N) levels over all cruise periods ranged from .01 to 
.02 mg N/1 at Station 15-005 and averaged .01 mg N/1 (no variance) in 
the surficial waters (1.5 m) of the offshore station cluster. 

Total Kjeldahl Nitrogen levels ranged over the study period from .50 to 
.64 mg N/1 at the river mouth and .11 to .26 mg N/1 at offshore stations. 

Total nitrogen, nitrite, nitrate and Kjeldahl nitrogen were all found to 
have highest levels and variances at Saugeen River Mouth during the 
present study. Nitrogen loadings to Saugeen River occur as a result of 
land drainage from upstream diffuse land use sources. 

Loadings of total nitrogen from Saugeen River have been calculated using 
stream water quality records from 1966 to 1974 at a gauging station 
located .64 km upstream of the river mouth at Hwy. 21. Baseflow loadings 
of total nitrogen during the months of July to October, averaged at or 



* 
Arithmetic means for all water quality variables except bacterial 

variables which, are reported as geometric means. 
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less than 2500 kg/d. Loadings during spring {March, April, May) peak 
snow melt and runoff periods, were noted to range from 10,000 to 65,000 
kg/d. The exact nature of spring nitrogen loadings from Saugeen River 
is indeterminant at the present time , due to a lack of continuous long- 
term data over spring high flow periods. No significant long-term 
trend for nitrogen loadings could be inferred from the 1966-1974 load- 
ings record. 

Total Phosphorus (dissolved + particulate) levels for the Harbour 
station ranged from .028 to .040 mg P/l and from .006 to .013 mg P/l for 
the offshore station cluster. 

Dissolved Phosphorus levels were noted to range from .005 to .009 mg P/l 
at the river mouth and from .001 to .004 mgP/1 offshore. 

As with nitrogen, levels and variances of total and dissolved phosphorus 
were greatest near Saugeen River Mouth, suggesting it is the major 
source of phosphorus to the area. Phosphorus loadings to Saugeen River 
occur as a result of upstream land use and land drainage; where sources 
are expected to be diffuse in nature. Loadings of total phosphorus have 
been investigated using the same scenario as for total nitrogen loadings. 
Low flow loadings of total phosphorus via Saugeen River ranged from 50 
to 150 kg/d during the months of June to October. Peak loadings were 
noted to occur during the months of March, April and May, where loadings 
ranged from 500 to 2400 kg/d. In some cases, a bimodal peak in loadings 
during a year was noted, with maxima occurring during the March to May 
period and the November -December period. No major trends could be 
inferred for peak spring loadings. 

Chlorophyll a levels for both station groupings were generally low and 
did not exceed 2.3 ug chlorophyll a/1 during the study. The few data 
that are available for the area suggest it is in the oligo-mesotrophic 
range during spring (13,14,15). 

4.3.2 Dissolved Constituents 

Chloride 

Chloride levels during the present study were generally low and reflect 
levels at or near background lake levels. Levels were noted to range 
5.3 to 8 mgCl/1 for all stations (including 15-005) over the study 
period. No significant differences in variance were noted for the 
clustered group of offshore stations, suggesting homogeneity of area 
waters for chloride. 

Sulphate 

Sulphate levels during the present study were noted to range from 25 to 
28 mgSOij/1 at the river mouth and from 12 to 16 mgS0i,/l for the offshore 
station grouping. It is apparent that sulphate is quickly dissipated 
since clustered stations had sulphate levels at or near background 
nearshore values. Sulphate is source related to the Saugeen River. 
Sulphate levels and specific conductance were strongly correlated. 
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Specific Conductance 

Specific conductance of surficial waters at Saugeen River mouth ranged 
from 390 to 600 US/cm and from 202 to 233 uS/cm for the offshore station 
grouping. Increased specific conductance at Saugeen River mouth is 
primarily attributed to the presence of sulphate and other dissolved 
constituents. 

4.3.3 Transparency 

Elevated turbidity levels and diminished Secchi depths were noted for 
the single station at Saugeen River mouth where turbidity levels ranged 
from 19 to 43 FTU (formazin turbidity units) and from 1.3 to 7.4 FTU at 
offshore stations. Secchi depths at the river mouth ranged from 0.3 to 
1.0 m and from 0.8 to 3 m at offshore stations. 

It is evident that Saugeen River influences the suspended solids content 
of area waters, however, its effect is not as dramatic as in Goderich 
Harbour and Lake Huron nearshore segment B, (2) since suspended solids 
are quickly dispersed in the lake. An attempt was made to determine the 
nature and extent of suspended solids loadings by the Saugeen River at 
the 0.64 km upstream gauge. These data are presented solely as a very 
crude estimate, in light of the difficulties in obtaining reliable data 
due to the dynamics of stream flow and sediment load. Loading estimates 
during low flow periods (June to October) typically range at or less 
than 100 kg/d. Peak spring loadings during March, April and May indi- 
cated loadings of several log orders of magnitude greater than low flow 
loads. Even with the inherent restrictions in the data base, instan- 
taneous loadings as high as 5,604,000 kg/d of suspended solids have been 
recorded. The largest proportion of riverine suspended solids load is 
attributed to overland erosion, stream-bed erosion and stream-bank 
erosion. Magnitude of stream sediment load is governed by the magnitude 
and extent of storm and streamflow events. The water quality for off- 
shore stations presented earlier is biased towards spring sampling 
periods and it is expected that the Saugeen River mouth, Southampton and 
Port Elgin areas would exhibit excellent ambient water clarity during 
summer low flow loading periods. 

4.3.4 Dissolved Oxygen 

Dissolved oxygen was measured in both surficial and bottom waters using 
the modified Winkler method (26) . Dissolved oxygen levels ranged from 
4.3 to 9.6 mg O2/I at the river mouth station (15-005). On the September 
12, 1975 cruise, dissolved oxygen levels at the 1.5 m and 4.0 m depths 
at this station were 4.4 and 4.3 mg O2/I respectively. Sample size for 
this period is inadequate (two samples only) to suggest a violation of 
water quality criteria (19). Low dissolved oxygen at the river mouth 
station on September 12, 1974 is attributed to a violent storm with wave 
heights on the order of 2 m approaching the harbour from the west, and 
survey activity during this period was suspended. Upwelling of organic 
bottom detritus would occur during such an event and it is likely that 
dissolved oxygen levels would be suppressed. 

The offshore station grouping did not show any dissolved oxygen problems 
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15-005 


367 


366 


sand 


sand 


sand 


gravel 






.90 


.86 


.51 



Table 6 

Southampton - Port Elgin 

Heavy Metals, PCB and Pesticides in Surficial Sediments 

1974 

Station 15-005 367 366 86 

Sample 
type 

loss on ignition % .90 .86 .51 4.3 

total phosphorus 

mg/g <0.1 <0.1 0.4 .94 

total Kjeldahl 
nitrogen mg/g 

Zinc mg/kg 

Cadmium mg/kg 

Lead mg/kg 

Mercury mg/kg 

Copper mg/kg 

Chromium mg/kg 

Nickel mg/kg 

Iron mg/g 

PCB yg/kg 

5:DDT and its 

metabolites pg/kg N.D. 1 1 N.A. 

Solvent extractables 

mg/kg 105 30 60 N.A. 

Note: - All data for recent surficial (0-5 cm) sediments. 

- Samples composited from a minimum of two similar Shipek 
grab samples. 

- Analysis performed at OMOE Main Laboratory, Rexdale, Ontario, 

N.D. - none detected 
N.A. - not analyzed 



<. 5 


<-.5 


<.5 


1.9 


3.93 


9.45 


4.89 


98.1 


<2.0 


<2.0 


<2.0 


2.97 


28.5 


23.2 


18.1 


46.0 


.011 


.006 


.010 


.045 


<5.0 


<5.0 


<5. 


32.2 


13. 3 


16.5 


12.7 


35.6 


21.1 


16.1 


11.7 


43.5 


4. 3 


5.4 


4.4 


20.2 


40 


20 


20 


N.A. 



- 36 



with surficial waters ranging from 12.4 to 13 mg O2/I and bottom waters 
ranging from 12.6 to 13.6 mg O2/I. All offshore waters were above 100% 
oxygen saturation with levels ranging from 102 to 110%. 

4.3.5 Alkalinity and pH 

Alkalinity levels at Station 15-005 ranged from 81 to 192 mg CaC0 3 /l and 
from 80 to 94 mg CaC0 3 /l offshore. It is expected that the river mouth 
would show wide ranges and variances in alkalinity due to the geologic 
nature of the drainage basin and the natural geochemistry of spring 
runoff. 

At the river mouth, pH was noted to range from 7.7 to 8.1 and for off- 
shore stations from 7.6 to 7.8. All pH values were within the accept- 
able range for biota according to OMOE surface water criteria (19) . 

4.3.6 Phenols 



Phenols were not detected above the analytical detection limit (1 pg 
phenol/1) in any of nine surficial (1.5 m depth) water samples. 

4.4 WATER MICROBIOLOGY 

Geometric means of the health oriented indicator bacteria for the offshore 
station grouping were within OMOE criteria (19) and Water Quality Agreement 
objectives (20) for the two time frames May 1974 and April-May 1975. 

Levels of total coliforms at Station 15-005 were moderately high (2400 
to 6700 organisms/100 ml) . Application of water quality criteria in 
this case must be approached with caution due to inadequate sample size 
and sample frequency (n = 3 and 2 x respectively) . At both times , 
levels of fecal coliforms and fecal streptococci were low, suggesting 
that bacterial contamination was non-animal in origin. 

4 . 5 SEDIMENTS 

Composited grab samples (Shipek dredge) of surficial sediments (0-5 cm) 
were taken for Stations 15-005, 367, 366 and 86 in the Southampton - 
Port Elgin area. All samples were of sand in coimposition. Table 6 
summarizes the levels of nutrients, volatile solids, heavy metals and 
PCB's in sediments. 

Levels of organochlorine pesticides other than DDE were not detected in 
sediments. DDE was detected in very small amounts (1 ug/kg - analytical 
detection limit) at Stations 366 and 367. Levels of metals, organics 
and nutrients in sediments were low, which is expected in light of the 
predominantly sand saiiple type. 

PCB was detected in sediments with levels ranging from 40 ug/kg at 
Station 15-005 to 20 UgAg at Stations 367 and 366. 

4 . 6 SUMMARY 

Water quality of the South amp ton- Port Elgin area was generally good 
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during the 1974 and 1975 cruise dates. Saugeen River is the major 
source of materials input to the area. As such, the temporal nature of 
spring phosphorus, nitrogen and suspended solids loadings influence the 
water quality inshore for short periods. Phosphorus and nitrogen inputs 
from the Saugeen River in the spring of 1974 and 1975 were such that 
chlorophyll a_ levels did not exceed 2.3 ug chlorophyll a/1. It is 
suggested that the area was oligo-mesotrophic during spring. No signi- 
ficant trends could be inferred from the three historical loadings 
scenarios of phosphorus, nitrogen and suspended solids. 

Dissolved oxygen was recorded less than 5.0 mg 02/1 (19) at Station 15- 
001 for one sample taken during the fall 1974 cruise which is attributed 
to the resuspension of organic bottom detritus as a result of storm 
activity. The lowest recorded dissolved oxygen level is believed to be 
short-term in nature, owing to the low organic load from the Saugeen 
River. 

Total coliforms were moderately high at Station 15-005 and probably of 
non-fecal origin. 
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5 . TOBERMORY 



5,1 INTRODUCTION 



As part of the 1974-75 Lake Huron-Georgian Bay nearshore studies, 
samples of water and sediment were taken in the Tobermory area to 
determine the local effect of municipal loadings on water quality. 

Tobermory is a small village, for which sanitary wastes are controlled 
on an individual household basis (i.e. septic tanks) . Domestic drinking 
water supplies are also obtained on an individual household basis. 
Recently, a small retention lagoon has been constructed to treat the 
sanitary wastes from the Tobermory-South Baymouth ferry. 

Activity in Tobermory is confined to three general areas: recreational 
services, commercial fishery and port facilities for the Tobermory-South 
Baymouth ferry. The population in Tobermory is dynamic, relative to 
time of the year, with seasonal influxes of the recreational public 
during the summer. Tobermory is the site of a national underwater park 
and has been heralded as the finest sport scuba diving site in the Great 
Lakes. Tobermory is the focus of a highly diversified aquatic recreational 
frontier with assets depending directly on water quality. Maintenance 
of existing water quality, e.g. transparency, low bacteria levels and 
productivity in the area will govern the area's future economic success 
as a recreational service centre. 

5.2 DATA PRESENTATION 

In light of the extended geographic nature of water use in the area for 
total body contact recreation (sport scuba diving) , two area delineations 
were selected. The Tobermory Harbour station grouping involved three 
stations within Little and Big Tub harbours (17-001, 17-003 and 17-005; 
Figure 6) . An outer station grouping consisted of four stations extend- 
ing from the harbour west 9 km and east 18 km. The most westerly 
station (No. 110 in Lake Huron) lies off Cape Hurd and the second Lake 
Huron station (No. Ill) lies off Russel Island on the inner channel to 
Tobermory. The remaining stations 1 and 2 in Georgian Bay lie to the 
east of Tobermory Harbour. Available data for the area over the 1974-75 
period are few with only three cruise dates (May 21, 1974; September 12, 
1974 and May 2, 1975) . 

Simple statistics involving averages*, standard deviation ±la from the 
mean, minimum, maximum and sample size were combined for two pooled 
station groups for cruises occurring during the same time period (Table 

7) . 

It should be noted that a mixing zone has not been identified or specified 
for the Tobermory area; as such, data are presented as pooled station 
averages solely for data presentation and convenience. 



* 

Arithmetic means for all water quality variables except bacterial 
variables which are reported as geometric means. 
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TABLE: 7 1974 Water Quality Parameter Summary Tobermory Area 



PARAMETERS 



TOBERMORY HARBOUR STATIONS 
May '74 Sept '74 Apr '75 



TOBERMORY 
May '74 



OUTER 



STATIONS 
Sept '74 



Total 
Phosphorus* (mg/1) 



.007+. 002(21) 
.005-. 008 



.015+. 003 (7) 
.012-. 020 



.009+. 004(5) 

.006-. 015 



.004 + 
.002- 



.001(4) 
.005 



.0071 
. 002- 



007(4) 
018 



. 382+. 014 (2) 
.372-. 392 
5. 45+. 05(2) 
5.4-5.5 



Total 

Nitrogen* (mg/1) 
Chloride* (mg/1) 



.218+. 023(7) 
.19 3-. 252 



.14+. 015(5) 
.12-. 16 



.359 + 
.322- 



.03 (4) 
.385 



.387 + 
.312- 



.07(5) 
.493 



4.93±.189 (7) 
4.5-5.1 



5. 32 + . 109 (5) 
5.2-5.5 



5.33 + 
5.1-5 



.33(4) 
.8 



5.06 + 
5.0-5 



.05(5) 
.1 



Dissolved 
Silica* (mg/1) 
Sulphate* (mg/1) 



N.D. 



N.D, 



N.D, 



1.55+, 
1.4-1, 



17(4) 
8 



.65 + . 
.60-. 



35 
70 



5) 



16.51.5(2) 
16.0-17.0 



13. 29+. 27(7) 
13.0-13.5 



15.31.27(5) 
15.0-15.5 



15.5 + 
15.0- 



.5(4) 
16.0 



Conductivity* 
(uS/cm) 



15.5 + 

15.0- 



.3 (5) 
16.0 



192+0(2) 
192-192 



225.14+4.29(7) 
216.0-230.0 



195.8+1.65(5: 
194.0-198.0 



194.5 
192.0 



+ 3.69(4) 
-200.0 



191.6 
190-1 



+ .89 
92 



Chlorophyll 
(ug/1) 



7 + 
3- 



35 

9 



3) 



.51.10(3) 
.3-. 6 



.781.23(3) 
.5-. 9 



.2751 
.10-. 



.17(4) 
50 



725 + 
70-. 



.05 (4) 
80 



i 



Secchi Depth* 
(meters) 

Turbidity* 
(FTU) 



N.D. 



N.D. 



N.D. 



7.881 
5.0-1 



3.06(4) 
1.0 



9.41. 
8.0-1 



89(5) 

0.0 



.3751.035 (2) 
.35-. 40 



.6931.14(7) 
.55-. 95 



N.D. 



.521. 
.40-. 



16(4) 
73 



.591. 
.4-. 9 



20(5) 
2 



Total Coliform** 
(Bacteria/100 ml) 



Fecal Coliform** 
(Bacteria/100 ml) 



1+1 (2) 
-1 

1.0-1.0 
T+T 

-1 

1.0-1.0 



42.69+171.32(5) 

-10.64 

1.0-120.0 



N.D. 



1.0+1.0(4) 

-1.0 

1.0-1.0 



84.34 

-12. 8 
4.0-4 



+554.2(5) 
(5) 
24.0 



2.86+8.26 

-.99 

1.0-12.0 



N.D 



1.0 + 1, 

-1.0 

1.0-1. 











1.5 + 3 

-.59 

1.0-8 



.84 







Fecal Streptococci** 
(Bacteria/100 ml) 



2.83+12. 31(2) 

-.65 

1.0-8.0 



1.64+4.99(5) 

-.54 

1.0-12.0 



N.D. 



1.0 + 1 

-1.0 

1.0-1 



.0(4) 

.0 



1.0 + 1 

-1.0 

1.0-1 



.0(5) 
.0 



*Arithmetic meanlstd. 
Minimum- Maximum 
N.D.- no data 



dev. (# of samples) 



**Geom. mean+max, 
-Min. std. dev, 
Min .-max . 



std. dev. (# of samples) 



The top of Bruce Peninsula from Cape Hurd to Cabot Head receives negli- 
gible loadings from municipal and tributary sources and no industrial 
loading to the area presently exists. The bathymetric features of the 
harbour are shown in Figure 6. The area is characterized by great 
depths and in some areas by dangerous shoals (i.e. Devil Island bank). 

5.3 WATER CHEMISTRY 

5.3.1 Nutrients and Productivity 

Total Nitrogen (Total Kjeldahl Nitrogen + N0 2 - N+ N0 3 - N) levels in 
surf icial waters over the three cruises ranged from . 12 to . 392 mg N/1 
in harbour waters and from .312 to .493 mg N/1 at offshore stations. 

Nitrate (NO3 - N) levels were low and seldom exceeded .24 mg N/1 at any 
station. 

Nitrite (NO2 - N) , a short lived intermediate compound of the nitrogen 
cycle in freshwater lakes, was also low with most stations averaging 
.002 mg N/1 and not exceeding .005 mg N/1. 

Free Ammonia (NHi, - N) levels consistently averaged .01 mg N/1 at all 
stations, through all time frames. 

Total Kjeldahl Nitrogen levels ranged from .13 to .20 mg N/1 in harbour 
waters and from .09 to .30 mg N/1 in offshore waters. 

No significant spatial differences were noted for any of the tested 
forms of nitrogen at both offshore and harbour stations, reflecting the 
lack of nitrogen inputs to the area. 

Total Phosphorus (dissolved + particulate) levels ranged from .005 to 
.020 mg P/l in harbour waters and .002 to .018 mg P/l at offshore 
stations. 

Dissolved Phosphorus levels ranged from .001 to .009 mg P/l in harbour 
waters and from .001 to .015 mg P/l at offshore stations. As with 
nitrogen, both total and dissolved phosphorus levels did not show any 
significant spatial differences in concentration. No major continuous 
inputs of nitrogen and phosphorus from municipal or tributary sources 
are known to occur in the area, as such, harbour and offshore water 
guality data clearly reflect levels at or near ambient lake levels. 

Chlorophyll a levels throughout the study were very low and never 
exceeded 1 yg chlorophyll a/1. It is suggested that the area is presently 
oligotrophic in nature (13,14,15). 

5.3.2 Dissolved Constituents 

No spatial differences were noted for levels of chloride, sulphate and 
conductivity (Table 7) . Levels of chloride, sulphate and conductivity 
closely resemble those of ambient lake levels, further verifying the 
excellent nature of area waters and the absence of terrestrial inputs. 
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5.3.3 Transparency 

Waters of the Tobermory area are characterized by excellent optical 
clarity, which is one of the key variables governing its success as a 
haven for the sports scuba diving community. Turbidity levels at all 
stations over all cruise periods never exceeded 1 FTU (formazin turbidity 
unit) . Secchi depths varied between 5-9 m. 

5.3.4 Dissolved Oxygen 

Dissolved oxygen saturation levels at harbour and offshore stations were 
at or near 100% oxygen saturation in both surficial and bottom waters 
over all cruise time frames . No oxygen depletion problems were noted 
during the study and all bottom waters contribute an excellent habitat 
for cold water fish species. 

5.3.5 Alkalinity and pH 

The waters of the Tobermory area are moderately hard with alkalinity and 
pH ranging from 80 to 94 mg Ca C0 3 /1 and 7.5 to 8.2 pH respectively. 

5.3.6 Phenols 

Phenols were not detected above the analytical detection limit of 1 pg 
phenol /l in any of the surficial water samples. 

5.4 WATER MICROBIOLOGY 

Geometric means of total coliforms, fecal coliforms and fecal strepto- 
cocci (Table 7) for the time periods May and September 1974, were all 
within Ministry of the Environment criteria (19) for body contact 
recreation and municipal water intake and within specific Water Quality 
Agreement objectives (20) . Bacterial densities were very low, demon- 
strating the excellent quality of water in the area for total body 
contact recreation. 

5.5 SEDIMENTS 

Composited grab samples (Shipek dredge) of surficial (0-5 cm) sediments 
were taken for the three stations in Tobermory Harbour (Figure 6) . 
Table 8 summarizes the levels of nutrients, volatile solids, metals, 
pesticides and PCB's in the harbour. Levels of the organochlorine 
pesticides other than DDT and its metabolites were not detected in the 
sediments of Tobermory Harbour. Low levels of PCB's (20-40 yg/kg) were 
found in harbour sediments, along with significant levels of lead and 
zinc; however, a source of these contaminants in the area has not been 
determined to date. 

5.6 SUMMARY 

The water quality of the Tobermory area in 1974 and 1975 was by far the 
best of all nearshore and embayment areas of Lake Huron and Georgian Bay 
studied by OMOE during ULRG studies. In fact, the Tobermory area could 
serve as the experimental control area for most water quality studies. 
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TABLE 8 



Station 



Heavy Metals, PCB and Pesticides 
in the Surficial Sediments of 
Tobermory Harbour 1974 



Sediment Description 

Loss on Ignition % 

Total Kjeldahl mg/g 
nitrogen 

Zinc mg/kg 

Cadmium mg/kg 

Lead mg/kg 

Mercury mg/kg 

Copper mg/kg 

Chromium mg/kg 

Nickel mg/kg 

Iron mg/g 

PCB ug/kg 

DDE Mg/kg 

DDD Mg/kg 

DDT Mg/kg 



17-001 


17-003 


17-005 


Sand Clay 
Muck 


Clay Sand 


Clay Sand 


7.2 


9. 7 


5.8 


3.9 


3.9 


2.7 


99 


81.6 


90.8 


2. 97 


2.91 


2. 85 


104 


60.7 


62.2 


.092 


.055 


.056 


37.7 


28.2 


31.3 


43.6 


45.7 


39.9 


44.0 


35.4 


47.9 


12.3 


15.6 


14.8 


20 


40 


40 


* 


4 


7 


TR 


2 


* 


TR 


2 


* 



NOTE: - all data for recent surficial sediments {0-5 cm) 

- all samples composited from two similar Shipek casts 

- see Fig. for station locations 

- analysis performed by OMOE Main Laboratory, Rexdale, Ont 

- lindane, heptachlor, aldrin, heptachlor epoxide, 
thiodan, dieldrin and endrin not detected in harbour 
sediments 

* - not detected 

TR- trace 
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Waters of the area are oligotrophia in nature. Pristine water quality 
in the area is easily recognized with the presence of low levels of 
nitrogen, phosphorus, chloride, bacteria and suspended solids. The most 
significant result of the study was the presence of detectable quantities 
of PCB's in harbour sediments; however, the source (s) have not been 
determined to date. 
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6. OWEN SOUND 

6 . 1 INTRODUCTION 

As part of 1974 Georgian Bay nearshore studies, samples of water and 
sediment were taken in the Owen Sound area to determine the local effect 
of tributary, municipal and industrial loadings on water quality. 

In 1974 the city of Owen Sound had a population base of 18,024 (8) 
serviced by a primary sewage treatment plant which discharges treated 
effluent to Owen Sound {Figure 8; Table 2) , The average daily loading 
of total phosphorus from this plant was 31.8 kg/d with a net annual 
loading of 13 short tons/a in 1974. Phosphorus removal is presently 
operational for the Owen Sound Water Pollution Control Plant (WPCP) . 
Table 10 details some of the other major material loadings to Owen Sound 
from the Owen Sound WPCP. The intake structure for the Owen Sound Water 
Works is located in the middle of the sound approximately .85 km from 
shore (Figure 8). Filtration is used for treatment at this plant. 
Additional municipal water supply for Owen Sound is derived from ground- 
water. 

Principal industries in Owen Sound involve the tertiary manufacturing of 
light consumer goods (electrical apparatus, appliances, etc.) (9). 
Activity along the periphery of the harbour involves the terminal handling 
and storage of grains and hydrocarbon fuels; and the provision of 
commercial and recreational marine services. 

The appended map of Owen Sound Harbour shows the locations of stations 
that were occupied by the Ontario Ministry of the Environment during the 
1974 field season (Figure 8) . All stations were sampled 11 times in 
1974 on the following cruise dates May 23 to 28, 1974 and September 3 to 

7, 1974. 

The surface area of the harbour, extending north to the harbour limit 
which is drawn from Balmy Beach at the west to Squaw Point on the east 
encompasses 7.31 km 2 (Figure 7). Owen Sound Harbour is deep with a 
gentle bottom slope extending lakeward (north) from 5.5 m in the Sydenham 
River to 45 m depth at the centreline of the harbour limit (5.4 km) 
(Figure 7) . Owen Sound Harbour acts as receiving basin for the Sydenham 
and Pottawatomi River. 

All data for the present study were collected using the 36" Ministry of 
the Environment survey vessel Monitor IV. A small portable laboratory 
was located in the wheelhouse to enable onboard analysis of dissolved 
oxygen, alkalinity, temperature, pH and sample filtration. Sampling 
methodology, sample preservation and analytical methods used during the 
present study were followed according to OMOE procedures (10,11,12). 

6.2 DATA PRESENTATION 

Data for the Owen Sound study were treated on the basis of a single 
transect originating at the innermost Sydenham River station 17-018 and 
extending lakeward (north) 16.5 km to station 375. Plots of station 
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Table 9 



Enrichment Indicator Variables in Selected Qnbayments of Lake Huron Including Georgian Bay and North Channel. 



Body of Water 



Area 



Hypo limn ion 

Dissolved Oxygen 

Range mgO?/l 



Photic Zone 
ug Chlorophyll a/1 Rooted Aquatic Taste & Odour 
(Range) Macrophytes (Algal) 



Filter Clogging 
Municipal Intake 



Cladophora 



North Channel 
Lake Huron 



Spanish River 
Mouth 



Jun 1974 8.4-9.2 
Jul 1974 5.6-8.0 
Nov 1974 9.5-10.2 



May 1974 
Jun 1974 



.1-5.0 
.3-4.3 
Jul 1974 1.2-2.8 
Nov 1974 1.3-1.5 
May 1975 .4-8.9 



No documentation 



No Intake 



No Intake 



No Documentation 



Georgian Bay 



Penetang Bay 



Jun L974 8.2-11.6 
Jul 1974 8.8 
Aug 1974 4.2-10.0 
Sep 1974 7.8-9.4 



Jun 1974 1.6-5.8 

Jul 1974 0.9-4.6 

Aug 1974 1.9-12.4 

Sep 1974 3.0-12.9 



Heavy weed growths 
occasionally reaching 
the surface in shal- 
lower areas - wide 
variety of species 



No Intake 
(Groundwater) 



No Intake 



1969 & 1973 small 
patches observed in 
south end of Bay - 
poor substrate-1969 
observed in vicinit> 
(<100') of 
Penetanguishene 
Mental Health 
Centre outfall 



i 



Midland Bay 


Jun 


1974 7.8-9.2 


Jun 


1974 0.9-2.1 




Jul 


1974 6.2-10.0 


Jul 


1974 0.1-3.2 




Aug 


1974 6.2-9.2 


Aug 


1974 0.8-6.3 




Sep 


1974 7.0-8.8 


Sep 


1974 1.9-8.3 


Collingwood 


May 


1974 10.4-13.2 


May 


1974 0.9-7.6 


Harbour 


Sep 


1974 6.0-9.6 


Sep 


1974 8.0-28.9 


Owen Sound 


May 


1974 11-14.5 


May 


1974 .2-1.8 




Sep 


1974 5.8-H.8 


Sep 


1974 .4-1.8 



Penetang & 
Midland Bays 
combined 



Jun 1974 7.4-11.4 
Jul 1974 6.4-10.1 
Aug 1974 4.2-10.9 
Sep 1974 5.8-9.4 



Jun 1974 0.6-5.8 

Jul 1974 0.1-4.6 

Aug 1974 0.8-12.4 

Sep 1974 0.5-12.9 



No Documentation 



East side of Sound 
heavy growths of 
aquatic plants, 1974 



1973 Sturgeon Bay 
aquatic weeds reached 
surface over entire 
area of the bay-wide 
variety of species 



No Intake 
(Groundwater) 



N/A 



No present or 
past problems 



No Intake 



Intake NOT 
in harbour 

No present or 
past problems 



No filtration 
for Victoria 
Harbour or Port 
McNicoll 



Small amounts obse- 
served in small boat 
harbour attached to 
pilings 

1974 growths limitaa 
to breakwalls and 
docks 

No growth on the 
west side of Sound 
1974, suitable sub- 
strate, high water 
may have restricted 
growth in 1974 



*N/A - not applicable 

Source-Ontario Ministry of the Environment 




Figure 7 Owen Sound Bathymetry 

Source: Canadian Hydrographic Chart 2271 
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TABLE 10 

1973 OWEN SOUND MUNICIPAL W.P.C.P LOADINGS 
TO GEORGIAN BAY 

Operating flow =3.9 MGD 
(design flow 3.0 MGD) 



Parameter 


Loading 
kg/d 


Effluent Mean 
Concentration 
rag/1 


BOD 


797 


45 


Suspended Solids 


885 


50 


Dissolved Solids 


9030 


510 


Total P 


54.5 


3.1 


Soluble P 


29.5 


1.66 


Total N 


284 


16 


NH 3 


148.5 


8.4 


CI 


1594 


90 



- 49 - 



averages*, for several water quality variables for the two cruises were 
generated with distance lakeward in km on the x axis and cruise mean 
variable concentration on the y axis for both surficial and bottom 
waters (Figures 8 to 12) . 

6.3 WATER CHEMISTRY 

6.3.1 Nutrients and Productivity 

Total Nitrogen (total Kjeldahl nitrogen + N0 3 - N + N0 2 - N) levels 
ranged from .160 to .735 mgN/1 over all time frames in both surface and 
bottom waters. Cruise and combined cruise station averages for total 
nitrogen as a function of distance lakeward are shown in Figure 8. 
Elevated total nitrogen levels were noted for the May 1974 cruise at the 
three inner Sydenham River stations 17-018, 17-017 and 17-016. The May 
1974 total nitrogen data showed a diminishing gradient to 2 km from 
Station 17-018, where concentrations leveled off and approached the 
background concentrations of the sound. It appears that spring tribu- 
tary loadings of nitrogen to Owen Sound harbour are quickly dissipated. 

Total Phosphorus (dissolved + particulate) levels ranged from .001 to 
.120 mgP/1 over the study period. Cruise and combined cruise station 
averages for total phosphorus as a function of distance lakeward are 
shown in Figure 8. Elevated total phosphorus levels in the harbour were 
noted during the May 1974 cruise. The May 1974 total phosphorus data 
show a gradual diminishing gradient from Station 17-018 and levels were 
not noted to diminish to ambient lake levels within the harbour (Figure 
8) . Elevated total phosphorus levels during the May cruise were a 
direct result of spring tributary discharge from the Sydenham and 
Pottawatomi rivers. Total phosphorus levels during the September 1974 
cruise were significantly lower and displayed a shallow gradient in 
concentration lakeward, suggesting levels at or near background lake 
levels at outer harbour stations. 

Chlorophyll a levels during the two cruises were low and never exceeded 
1.8 yg chlorophyll a/1 in 86 total samples. Lakeward concentration 
gradients for cruise and combined cruise station averages of chlorophyll 
a^ are shown in Figure 8. It is suggested that the area was oligotrophic 
during the two study periods (13,14,15). 

The extent of submerged aquatic plant and Cladophora growth has been 
investigated in the Owen Sound area (Table 9) . Extensive beds of rooted 
aquatic macrophytes were noted to occur from the Sydenham River, along 
the east shore and north 2 km to the water filtration plant. A large 
portion of the growth was noted to occur to the 3 m contour and growth 
was to the surface. Weeds along the eastern portion of the harbour is 
not presently posing any conflict to water use; however, their presence 
may interfere with future shoreline development. 



* 

Arithmetic means reported for all water quality variables except bacterial 

variables which are reported as geometric means. 
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Suitable substrate for Cladophora growth exists along the western side 
of the harbour; however, no growth was noted in 1974. High water levels 
were suspect in restricting Cladophora growth in 1974. 

There are no past or present algal related taste, odour and/or filter 
clogging problems at the Owen Sound municipal water intake (Figure 8; 
Station 03-002) . 

The nutrient chemistry and productivity of the main channel of Owen 
Sound Harbour is influenced by the seasonal dynamics of loadings from 
the Pottawatomi and Sydenham rivers and the continuous discharge of 
treated effluent from the Owen Sound WPCP. Chlorophyll a levels were 
low and it is suggested that the low productivity of the harbour is 
governed by the bathymetry of the harbour and the strong local mixing 
regime. 

Results of a mathematical modelling done for ULRG (22) after Vollenweider 
suggest that Owen Sound Harbour is presently oligotrophia in nature, 
based on present total phosphorus loadings and estimated harbour reten- 
tion time (18 days) . An estimate of projected urban and industrial 
growth to the year 2020 (23) and the application of 85% phosphorus 
removal from controllable sources suggested that Owen Sound Harbour 
would have chlorophyll a levels on the order of .7 (Jg chlorophyll a/1 
by the year 2020. A third loading scenario was tested for projected 
urban and industrial growth and the application of the 1974 level of 
phosphorus reduction from controllable sources. The solution for this 
test suggested that chlorophyll a levels would be 1.9 Ug chlorophyll a/1 
by 2020 (22) . 

Nutrient enrichment is not presently a problem in Owen Sound harbour; 
however, results of the above model projections do not negate the 
necessity for future reassessments of water quality in the area. 

6.3.2 Transparency 

Secchi depths over all cruise dates ranged from .1 to 10 m. Figure 9 
shows the lakeward trend for cruise station mean Secchi depths. The 
excellent ambient clarity of stations in the outer portions of the 
harbour and sound (greater than 6.5 km from Sydenham River Mouth) is 
easily recognized with mean Secchi depths greater than 7 m. Secchi 
depths were noted to diminish on approach to the Sydenham River with 
lowest cruise averages and ranges reported at station 17-018. Little 
significant differences were noted between station averages of the May 
and September 1974 cruises. 

Turbidities for the three Sydenham River stations (17-016, 17-017 and 
17-018) were low and ranged from .54 to 3.2 FTU (Formazin turbidity 
units). Turbidity at these stations was uniformly distributed with 
depth. Slight seasonal turbidity differences were noted at the Sydenham 
River stations with September values less than 1 FTU and May values 
greater than 1 FTU. Turbidities for the remaining stations of the sound 
ranged from .3 to 1.7 FTU. The ambient clarity of Owen Sound and Harbour 
waters was generally excellent for an embayment area with deep average 
Secchi depths and low turbidities. 
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At turbidity levels less than 1 FTU , suspended solids concentrations are 
expected to be very low. Lower Secchi depths for Sydenham River stations 
and harbour station 19 reflect the influence of shallow station depths. 
Bottom light reflectance and absorbance can result in variances in 
Secchi depths. As with most Ontario harbours in Lake Huron and Georgian 
Bay, Owen Sound is influenced by seiche effects; which, if of large 
magnitude, can be responsible for sediment resuspension and high turbi- 
dities. Two additional factors, tributary loadings and propeller wash 
from large vessels can govern short term levels of suspended solids and 
turbidities in harbours. 

6.3.3 Dissolved Constituents 

Chloride levels over the two study periods were noted to range from a 
minimum of 4.9 to a maximum of 8.4 mg Cl/1. Levels of chloride were 
highest during the May 1974 cruise at the inner harbour and river stations 
(17-018, 17-017, 17-016, and 19). Figure 10 shows the chloride concentra- 
tion transect trend lakeward for the May and September 1974 cruises. 
The plot for chloride concentration during the September cruise had a 
negligible slope as a function of distance lakeward, suggesting no 
significant spatial differences in the distribution of chloride and 
negligible chloride input to the sound during fall. A moderate increase 
in chloride concentration was noted for the inner four stations during 
the May cruise with a negative slope diminishing to the ambient chloride 
levels of the sound. Increased spring chloride levels, noted during the 
May cruise, did not pose any water quality problem. A large proportion 
of this chloride is a result of spring chloride loadings from the 
Sydenham River and urban runoff of salts used in winter deicing procedures. 

Specific conductance spatial trends are shown in Figure 10 for the May 
and September cruises. Conductivity as a function of distance lakeward 
for the September 1974 cruise, plotted as a virtual straight line with 
negligible slope. The conductivity trend for the May 1974 cruise (Figure 
10) showed a strong diminishing gradient in specific conductance from 
station 17-018 to Station 19 and a second straight line segment with 
negligible slope from station 19 lakeward, as levels approached ambient 
(^190 u S/cm) . Specific conductance and chloride levels during May bore 
a strong correlation suggesting that elevated specific conductance was 
primarily governed by elevated chloride levels. 

Sulphate levels for Sydenham River stations did not demonstrate any 
significant differences over the two cruise periods, with average levels 
on the order of 15 mg S0 4 /1. Spatial differences in sulphate were not 
noted in the area with sound waters approaching background levels. 
Deeper outer sound stations 376, 18 and 375 were homogeneous for sulphate 
throughout the water column on both cruises. 

6.3.4 D issolved Oxygen 

Levels during the present study ranged from 11.0 to 14.5 mg 0^/1 in May 
and from 5.8 to 11.8 mg Oz/1 in September 1974 in the bottom waters of 
Owen Sound Harbour (Table 9) . Percent oxygen saturation levels over all 
cruise periods in both surficial and bottom waters ranged from 61% to 
121%. Dissolved oxygen levels and oxygen saturation during the May 1974 
cruise were high and at or near 100% saturation at all stations, 
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Lowest levels and saturation values were noted during the September 
cruise and only one out of ten samples at Station 17-018 was noted less 
than 6 mg O2/I (19) on September 7, 1974. This one anamolous sample 
indicated that short term depletion of dissolved oxygen occurred. Factors 
governing the cause for short term low dissolved oxygen levels are: high 
temperature and morning sampling. Photosynthesis can dramatically affect 
the diurnal cycle of dissolved oxygen in lakes and streams, such that 
during non-daylight hours oxygen depletion can occur. This effect along 
with high temperature are believed to be the cause for this single low 
dissolved oxygen reading, since the average dissolved oxygen level for 
the bottom water at this station over five consecutive days was 8.8 mg 
O2/I. 

Present data suggest that oxygen depletion is not presently a problem in 
Owen Sound Harbour. 

6.3.5 Temperature 

Thermal structure can dramatically influence the vertical distribution 
of such important water quality variables as dissolved oxygen. Outer 
harbour and Owen Sound stations were well stratified during the fall 
cruise. Bathythermograph casts were made at each station on both cruises. 
The deeper stations (375, 376 and 18) were nearly isothermal during the 
May cruise, with vertical temperatures <4°C, and some warming to 5°C 
noted in surficial (^1.5 m) waters. The same stations were noted to 
have a well defined thermal structure during the September cruise where 
the thermocline was located between 30 and 40 m and surface temperatures 
averaged 18°C. 

The waters of the inner harbour and Sydenham River (stations 17-018, 17- 
017, 17-016 and 19) were generally isothermal during both cruises. May 
temperatures ranged from 6° to 9°C and September temperatures ranged 
from 17°C to 20°C. It appears that waters of the shallow southern 
portion of the harbour are well mixed due to the vertical homogeneity of 
temperature on both cruises. 

6.3.6 Phenols 

Phenols were not detected above the analytical detection limit of 1 yg 
phenol/1 in any of the 84 surficial water samples (1.5 m depth). 

6.3.7 Alkalinity and pH 

Spatial trend plots of individual station cruise means of alkalinity as 
a function of distance lakeward in surficial and bottom waters are shown 
in Figure 11- During the six day May 1974 cruise a significant spatial 
trend was indicated for alkalinity. Elevated alkalinity at inner harbour 
and Sydenham River stations indicated the effect of peak spring tributary 
loadings from the Sydenham and Pottawatomi Rivers. High spring loading 
of carbonates is a natural event, which is due largely to the geochemistry 
of natural waters in the upstream drainage basin. It appears that 
spring carbonate loading to the area is quickly dissipated since levels 
approached ambient lake levels within 5 km of Station 17-018. September 
cruise data suggested no significant spatial trends in alkalinity. 
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pH ranged over the study period from neutral (7.0) to slightly alkaline 
(8.1). No water quality problem with respect to pH were noted to occur 
during the two cruises. 

6.4 WATER MICROBIOLOGY 

Semi-log plots of geometric means for individual stations as a function 
of distance lakeward for total coliforms, fecal coliforms and fecal 
streptococci during the May and September 1974 cruises are shown in 
Figure 12 . Both plots indicate bacterial contamination in the Sydenham 
River. Data for Station 376 lakeward {>6.5 km on transect) indicate 
that the outer Sound waters were generally free of fecal contamination. 

Geometric means of fecal coliforms were above OMOE criteria for total 
body contact recreation (19) and specific Water Quality Agreement ob- 
jectives (20) at stations 17-018 and 17-016 during the five consecutive 
day May cruise. Geometric means of fecal streptococci during the May 
1974 cruise at Station 17-018 and 17-016 were above the OMOE criterion 
for total body contact recreation (19) . Geometric means of total coli- 
forms during the September survey were within criteria (19) and objectives 
(20) for all stations. 

The periphery of inner Owen Sound Harbour (Sydenham River) does not have 
a formal controlled bathing area; however, some youths do frequent the 
area for swimming. If further studies indicate that fecal contamination 
is of a continuous nature, it may be required that this area be posted 
as a non-swimming area. 

Fecal coliform to fecal streptococci ratios (FC: FS) for Stations 17-018 
and 17-016 for May data were 5.45:1 and 13.50:1, respectively. With FC: 
FS ratios greater than 4:1, it has been suggested (24) that fecal 
contamination can be derived from domestic sources. The submerged 
outfall for the Owen Sound WPCP (Station 03-002; Figure 8) is .82 km NE 
of Station 17-016. Bacteriological data for Station 19 (300 m NE of the 
outfall) suggest that minimal fecal contamination occurs as a result of 
controlled municipal WPCP discharge. Fecal contamination at inner 
harbour Sydenham River stations is probably associated with storm sewer 
discharge and street runoff. 

6 . 5 SEDIMENTS 

Composited grab samples (Shipek Dredge) of surficial (0-5 cm) sediments 
were taken for stations within Sydenham River, Owen Sound and Owen Sound 
Harbour. Table 11 summarizes the levels of metals, nutrients, pesticides 
and PCB's for individual stations. 

The sediments of Owen Sound and harbour were devoid of detectable levels 
of lindane, heptachlor, aldrin, heptachlor epoxide and thiodan. Stations 
19 and 376 had dieldrin levels of 8 and 1 Ug/kg, respectively. Levels 
of DDT, DDE and DDD were highest at station 19 (Table 11) . 

Station 19, which is located approximately 300 m northeast of the Owen 
Sound Water Pollution Control Plant outfall, showed significant levels 
of accumulation of solvent extractables, lead, mercury and PCB's relative 
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TABLE 11 



Station Number 

Station Lat. 
Location Long, 

Sample Type 
Sample Depth 



OWEN SOUND SEDIMENTS - GEORGIAN BAY 
1974 



17-018 



iO 



17-017 



17-016 



19 



376 



44"34'23" 44"34'38" 44 34'50" 44 35'24" 44 37'24" 

SO 56* 29" 80 56* 28" 80°56 , 19" 80°55'59" 80°55 , 24" 

clay/silt clay/silt clay/silt clay clay/silt 

0-5cm 0-5cm 0-5cm 0-5 cm 0-5cm 



Percent loss on 
Ignition 



2.0 



5.1 



5.5 



8.0 



6.0 



Total 
Phosphorus mg/gm 

Total 
Kjeldahl mg/gm 



57 



64 



60 



1.2 



.62 



1.4 



85 



2.2 



90 



1.6 



Solvent 
Extractables ppm 



245 



524 



350 



1390 



Zinc mg/kg 


57.2 


124 


101 


187 


90 


Cadmium mg/kg 


3. 27 


3.75 


3.45 


3.95 


<2 


Lead mg/kg 


26.4 


87.0 


76.3 


174 


48 


Mercury mg/kg 


.026 


. 162 


.168 


.435 


.077 


Copper mg/kg 


28.2 


42.5 


43.3 


62.7 


35 


Chromium mg/kg 


N.D. 


N.D. 


N.D. 


N.D. 


20 


Nickel mg/kg 


27.6 


27.6 


29.5 


31.6 


45 


Total Iron % 


1.28% 


1.18% 


1.28% 


1.31% 


2. 5 


PCB ppb 
DDT ppb 
DDD ppb 
DDE ppb 


70 

2 

2 

7 


130 

2 

10 

11 


70 

6 
5 
7 


800 
10 
60 
50 


Trace 
2.0 
5.0 
4.0 
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to other stations within the harbour. Levels of zinc, lead, mercury, 
copper and PCB's were greater at harbour stations than at background 
station 376, indicating local accumulations in the southern portion of 
the harbour as influenced by tributary, municipal and industrial sources. 
Levels of solvent extractables, especially at station 19 (1390 mg/kg) , 
indicate local accumulations of organics. It appears that the Owen 
Sound WPCP outfall (station 03-002; figure 8) is the major pathway for 
PCB, lead, zinc, mercury, DDT, DDE, DDD and dieldrin contamination in 
the sediments of the harbour. The impact of these contaminants on the 
benthic community of the harbour is yet to be evaluated. Further, it is 
difficult at this time to assess the effect of sedimented contaminants 
on water use. 

6.6 SUMMARY 

The water quality of Owen Sound and Owen Sound Harbour during two short 
duration cruises in May and September 1974 was in general, very good. 

Present data suggested that the area was oligotrophic in nature during 
the two survey periods in 1974. Adequate mixing volume and a strong 
local mixing regime influence the rapid dispersion of waterborne contam- 
inants in the area. 

Violation of OMOE water quality criteria (19) and Water Quality Agreement 
objectives (20) for fecal coliforms and fecal streptococci was noted at 
inner harbour stations (Sydenham River) during the September 1974 cruise. 
FC:FS ratios suggested that fecal contamination was from domestic 
sources. Geometric means of bacterial indicators for a station near the 
Owen Sound WPCP outfall showed negligible fecal contamination from that 
source. Sources of fecal contamination in the area are municipal storm 
sewers. 

Levels of PCB, DDT, DDE, DDD, solvent extractables, lead, zinc, mercury 
and the pesticide dieldrin in surficial sediments were highest near the 
Owen Sound WPCP outfall. It appears that the WPCP outfall is the major 
source of trace organic and heavy metal contamination in sediments . 

Dissolved oxygen levels were within acceptable limits at most harbour 
stations during both survey periods. 

Waters of the inner and outer harbour exhibited excellent ambient clarity 
and no suspended solids problem was identified during the two surveys in 
1974. 
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7. COLLINGWOOD 

7 . 1 INTRODUCTION 

As part of 1974 Georgian Bay Nearshore Studies, samples of water and 
sediment were collected in Collingwood Harbour to determine the local 
effect of tributary, municipal and industrial loadings on water quality. 

In 1974 the Town of Collingwood had a population base of 10,496 (8) , 
serviced by a primary sewage treatment plant (STP) which discharges 
treated effluent directly to the harbour (Figure 13; Station 03-3). 
Table 12 details 1973 STP effluent concentrations and loadings of BOD 5 , 
suspended solids, dissolved solids, total phosphorus, soluble phosphorus, 
total nitrogen, ammonia and chloride. The Harbour also receives tribu- 
tary drainage from two small creeks of which Black Ash Creek is the 
largest. In addition to small tributary discharges, municipal storm 
sewers drain to the harbour. 

The Town of Collingwood obtains its water supply directly from Nottawasaga 
Bay and chlorination is used for treatment. The submerged offshore 
intake structure is located approximately . 3 km offshore at the eastern 
limits of the town. Natural sandy beaches with shallow lakeward slopes 
are characteristic of the nearshore reach, extending east from the 
eastern town limit to Wasaga Beach. These beaches receive extensive use 
by swimmers and bathers. 

Principal industries in Collingwood involve the manufacture of furniture, 
glass and ceramics (9) . Activity along the periphery of the harbour 
involves handling and storage of hydrocarbon fuel and grains; and the 
construction of vessels destined for service in the Great Lakes. 

It should be noted that the water quality data reported herein is based 
on field surveys undertaken prior to operational phosphorus removal at 
the Collingwood WPCP, which was initiated in May 1975. 

Collingwood Harbour is extremely shallow with a maximum depth of 6.4 m 
(to IGLD) in the dredged portion of the turning basin. The harbour 
encompasses roughly 1.8 km 2 and has an approximate volume of 28.7 x 10" 
km 3 (to IGLD) . The entrance to the harbour is formed by two piers 
extending from shore. The breakwater pier on the western side of the 
harbour extends eastward .22 km. The eastern extension of the harbour 
pier runs in a northwesterly direction 1.02 km, resulting in a harbour 
entrance gap of 420 m. 

The harbour is oriented such that it is subject to prevailing winds and 
waves of long fetch originating from north to northeasterly directions. 
The shape and orientation of Collingwood Harbour is such that its mixing 
regime is effected by tidal-like seiche effects. 

The appended map of Collingwood Harbour and adjacent Nottawasaga Bay 
shows the locations of water quality stations that were occupied during 
the 1974 field season (Figure 13) . All stations were sampled on five 
separate occasions in 1974 on the following cruise dates: May 26 to 28 
and September 3 and 5. 
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All data for the present study were collected using the 36 ft. Ontario 
Ministry of the Environment survey vessel Monitor IV. A small portable 
laboratory was located in the wheelhouse to enable onboard analyses of 
dissolved oxygen, alkalinity, temperature, pH and sample filtration. 
Sampling methodology, sample preservation and analytical methods used 
during the present study were followed according to OMOE procedures 
(10,11,12). 

7.2 DATA PRESENTATION 

All data for the present study were treated on the basis of straight 
line transect originating at station 17-021 and extending lakeward 
through station 17-020, 17-019 and ending at station 27 (Figure 13) . 
Straight line distances were run between stations for this presentation. 
Arithmetic means (except for bacterial parameters where geometric means 
were used) were compiled for each individual station for two cruise time 
frames; May 26 to 28, 1974 and September 3 and 5, 1974, and plotted in 
Figures 15 to 26. It should be noted that a mixing zone has not been 
determined for Collingwood Harbour and adjacent Nottawasaga Bay. 

7.3 WATER CHEMISTRY 

7.3.1 Nutrients and Productivity 

Total Nitrogen (Total Kjeldahl N + N0 2 -N + N0 3 -N) levels within 
Collingwood Harbour during both cruises were high and present as a 
direct result of treated municipal WPCP discharge. Figure 15 shows the 
lakeward concentration trends of total nitrogen in surficial water 
samples for both cruises. A linear interpolation between individual 
station cruise means of total nitrogen concentration was employed. 
Figure 15 demonstrates a well defined gradient of diminishing concen- 
trations in total nitrogen levels as a function of distance lakeward for 
both cruises. 

Total Phosphorus (dissolved + particulate) levels in Collingwood Harbour 
during both cruise periods were extremely high and were a direct result 
of municipal WPCP loadings. Figure 15 demonstrates steep diminishing 
gradients in total phosphorus concentration with distance lakeward from 
the innermost harbour station. 

Dissolved Phosphorus levels also demonstrated steep diminishing lakeward 
gradients during both cruises (Figure 17). A distinct difference was 
noted in station cruise average dissolved phosphorus levels at station 
17-021 between the two cruise periods. 

Chlorophyll a levels during both cruises were high, especially during 
the September cruise. Figure 18 shows the lakeward chlorophyll a 
concentration trend for both cruise periods. Chlorophyll a levels 
indicated that the harbour was eutrophic (13,14,15) during the September 
cruise (29 ug chlorophyll a/1 at station 17-020) and meso-eutrophic 
during May 1974 (0.9 to 7.6 ug chlorophyll a/1) . Eutrophic conditions 
prevailed only within the confines of the harbour since the outer non- 
harbour station (#27) had cruise mean chlorophyll a levels on the order 
of 1 to 2 ug chlorophyll a/1 during both cruises. 
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TABLE 12 

1973 COLLINGWOOD MUNICIPAL W.P.C.P. 
LOADINGS TO COLLINGWOOD HARBOUR 

Operating flow = 3.13 MGD 
(design flow 4.2 MGD) 







Effluent Mean 




Loadings 


Concentration 


Parameter 


kg/d 


mg/1 


BOD 


1067 


75 


Suspended Solids 


499 


35 


Dissolved Solids 


5902 


415 


Total P 


31.8 


2.24 


Soluble P 


27.2 


1.92 


Total N 


128 


9 


NH 3 


42.7 


3 


CI 


854 


60 
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Survey staff reported that during the September cruise visual "pea soup" 
conditions, characteristic of an algal bloom, prevailed within the 
confines of the harbour {1.8 km 2 ). Other field observations noted the 
presence of Cladophora on harbour piers and bouys. 

Mathematical modelling of the enrichment process in Collingwood Harbour 
has been undertaken for ULRG (22) . Projected waste loadings (23) due to 
increased urban-industrial growth to the year 2020 under several abatement 
scenarios were tested to determine possible future enrichment conditions 
within the harbour. The abatement scenario based on the 1974 level of 
phosphorus removal from controlable sources discharging to Collingwood 
Harbour predicted eutrophic conditions in 1974 with chlorophyll a levels 
of 11.3 ug chlorophyll a/1 and highly eutrophic conditions by 2020 with 
chlorophyll a levels of 55 Jig chlorophyll a/1. 

The second abatement scenario of 85% phosphorus removal from controlable 
sources discharging to Collingwood Harbour predicted mesotrophic conditions 
in 1974 (3.0 ug chlorophyll a /l) and eutrophic conditions by 2020 (10 
pg chlorophyll a/1) . 

It appears that 85% phosphorus removal and secondary sewage treatment at 
the Collingwood WPCP would be a good alternative to alleviate the present 
over-enrichment of Collingwoood Harbour. If future assessments verify 
model projections, the municipality may have to investigate several 
further alternatives to the control of phosphorus discharges to the 
harbour. Such alternatives could involve zero phosphorus discharge, 
application of best practicable treatment, and/or outfall relocation. 
The relocation of the outfall from the Collingwood WPCP to Nottawasaga 
Bay could be an advantageous alternative in terms of better mixing and 
greater dilution volume. However, due consideration would have to be 
given at that time as to the potential impact of outfall location on 
local water use (municipal water intake and bathing areas) . 

There are two other possible input variables that were not incorporated 
into present enrichment projections for the harbour; 1) the effect of 
loadings from municipal storm sewers and the two small creeks entering 
the harbour has yet to be quantitatively evaluated and 2) the rate of 
nutrient loss from sediment resuspension may need further investigation. 



7.3.2 Transparency 

The waters of Collingwood Harbour were slightly turbid during the two 
cruises in 1974. Figure 19 shows the trend for turbidity in surficial 
harbour waters lakeward from harbour station 17-021. The ambient clarity 
of nearshore Nottawasaga Bay is evident at 2.8 km with turbidity less 
than or equal to 1.0 FTU. Turbidity in surficial waters of the harbour 
was slightly higher during the May cruise. 

Secchi depths in Collingwood Harbour during both cruises were significantly 
lower (<1 m.) than at Nottawasaga Bay nearshore station 27 (>3.5 m. ) . A 
very strong increasing gradient in Secchi depth as a function of distance 
lakeward with little significant difference between cruises was noted 
(Figure 20. Low Secchi depths within the harbour are a direct result of 
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shallow station depths and the presence of relatively high algal popula- 
tions. Low turbidity, low Secchi depths and high chlorophyll a levels 
within the harbour suggest that the bulk of suspended materials in the 
harbour were algae. 

7.3,3 Dissolved Constituents 



Spatial trends for specific conductance, chloride and sulphate (Figures 
21 to 23) all had diminishing gradients as a function of distance lake- 
ward from station 17-021. Mean cruise sulphate levels for individual 
stations (Figure 22) were slightly different between the two cruises 
with greatest levels occurring in September. 

Present levels of dissolved constituents in Collingwood Harbour do not 
pose any problems to water use. Gradients of chloride and sulphate 
indicated source related materials input to the harbour of treated 
municipal effluent from the Collingwood WPCP. It appears from gradients 
of the conservative parameters, that the entire area within the harbour 
is influenced by the municipal STP discharge. 

7.3.4 Dissolved Oxygen 

Levels of dissolved oxygen in the bottom waters of Collingwood Harbour 
ranged from 10.4 to 13.2 mg 2 /l during the May cruise and from 6.0 to 
9.6 mg O2/I during the September cruise. Levels below OMOE criteria (19) 
and specific Water Quality Agreement objectives (20) were not noted to 
occur during the study. Although dissolved oxygen depletion was not 
apparent during the study, it could become a significant problem in the 
bottom waters of the harbour if eutrophic conditions continue. 

7.3.5 Phenols 



Phenols were not detected above the analytical detection limit of 1 pg 
phenol/1 at any of the four water quality stations (total of 22 samples) 
during the two cruise periods. 

7.3.6 Alkalinity and pH 

Collingwood Harbour waters were moderately hard (87 mg CaCOa/l and pH 
ranged from near neutral (7.1) to slightly alkaline (8.3). 

7.4 WATER MICROBIOLOGY 

Individual station geometric means of total coliforms (TC) , fecal coli- 
forms (FC) and fecal streptococci (FS) for the May and September 1974 
cruises are shown in Figures 24 and 25, respectively. Bacteria were 
sampled during the September 1974 cruise, however, adequate serial 
dilutions were not done on harbour samples. As a result, bacterial 
colonies overgrew the plates and colonies were too numerous to count. 
Remaining total coliform, fecal coliform and fecal streptococci data did 
not exceed the limits of OMOE criteria for total body contact recreation 
(19) and specific Water Quality Agreement objectives (20) . 
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Figure 17 Collingwood Harbour Monthly Cruise Mean Total and Dissolved 
Phosphorus Trends as a Function of Distance. 
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Figure 18 Collingwood Harbour - Monthly Cruise Mean Chlorophyll a as a 
Function of Distance. 
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7.5 SEDIMENTS 

Composited grab samples (Shipek dredge) of surficial sediments (0-5 cm) 
were taken for the three stations within the navigable portion of the 
harbour. All samples were of a clay-silt texture with a black/brown 
colour. Table 13 summarizes the levels of metals, nutrients, pesticides 
and PCB's in sediment. The sediments of Collingwood Harbour contain a 
pool of nutrients, with mean total phosphorus and Kjeldahl nitrogen 
levels of .94 mg P/gm and 1.6 mg N/gm, respectively. Diminishing 
gradients of concentration with steep slopes, as a function of distance 
lakeward from station 17-021 were noted for lead, zinc and solvent 
extractables. Sources of these materials are probably associated with 
activity in the Collingwood shipyard where paint preparations consisting 
of these elements and compounds are used. Compounds of lead and zinc 
are commonly used in marine paints for the prevention of corrosion on 
steel. It is possible in the course of usage of such paints in the 
construction and/or repair of ships, that these elements could gain 
access to the aquatic environment. Dredging of the harbour turning 
basin occurred in 1966 and it is possible that metal levels have accumu- 
lated since that time. 

Levels of PCB's in surficial sediments were high; however, a source is 
difficult to determine since PCB's were formerly (pre 1971) of diverse 
usage. The major sources of PCB's are believed to be sewage and in- 
dustrial wastes (25). The tendency of PCB's to spread and persist in 
the aquatic environment suggest that sediment accumulations may be from 
past discharges when the use of PCB's was not restricted to dielectrics 
alone. 

7 . 6 SUMMARY 

Collingwood Harbour was eutrophic during September 1974 and meso-eutrophic 
in May 1974. Several waste loading projections and waste treatment 
scenarios were tested using an enrichment model (22,23) to predict the 
long-term trophic status within the harbour. Modelling results suggest 
that the harbour would be eutrophic by 2020 with the application of 85% 
phosphorus removal from controllable sources, present discharge location 
and harbour geometry. Phosphorus removal was instituted at the primary 
Collingwood WPCP in May 1975, after present water quality studies. A 
follow-up study to assess the trophic status of Collingwood Harbour 
after phosphorus removal has been planned for August 1976. If model 
predictions hold true in future, it may be necessary for the municipality 
to investigate alternatives to municipal sewage treatment, such as 
application of best practicable technology and/or outfall relocation to 
Nottawasaga Bay. 

Dissolved oxygen depletion in the bottom waters of the harbour was not 
noted during 1974 studies; however, if eutrophic conditions continue 
oxygen depletion may become a serious problem. 

High levels of lead, zinc, solvent extracables and PCB's in the surficial 
sediments of the harbour were noted. It is difficult at this time to 
assess the impact of these sedimented contaminants on human water use 

and harbour biota. 
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Figure 19 Collingwood Harbour - Monthly Cruise Mean Turbidity 
as a Function of Distance. 
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Figure 20 Collingwood Harbour Monthly Cruise Mean Secchi Depth 
as a Function of Distance. 
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Figure 21 Collingwood Harbour Monthly Cruise Mean Sulphate as 
a Function of Distance 
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Conductance Trends as a Function of Distance 



78 - 




~r 

to 



O 

"c4 



q 
"oi 



I 

*- ffl 

I 

5 



-m 



x 

in 



Cl/lDBui) epijomo UBOUJ 



Figure 23 Collingwood Harbour Monthly Cruise Mean Chloride 
Trends as a Function of Distance 
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Figure 25 Collingwood Harbour September 1974 Geometric Means of Bacterial 
Densities of Total Coli forms, Fecal Coli forms and Fecal Strep- 
tococci as a Function of Distance. 
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TABLE 13: collingwood Sediments - Georgian Bay 1974 



Station Number 



17-021 17-020 17-019 
Collingwood Harbour 



Background 
28 
Nottawasaga Ba y 



Station Location: Lat 

Long 

Sample Type 

Sample Depth 

Percent Loss on 
Ignition 

Total Phosphorus-mg/g 

Total Kjeldahl-mg/g 

Solvent Extractables-ppm 

Zinc-mg/kg 

Cadmium-mg/kg 

Lead-mg/kg 

Mercury-mg/kg 

Copper-mg/kg 

Chromium-mg/kg 

Nickol-mg/kg 

Total Iron-% 

PCB-ppb 

DDT-ppb 

DDD-ppb 

DDE-ppb 



44 o 30'23" 44°30'36" 44°30'48" 

80°13'06" 80°13'32" 80°13'34" 

Clay/Silt Clay/Silt Clay/Silt 

0-5 cm 0-5 cm 0-5 cm 



6 

0.93 

1.5 

460 
127 
4.46 
214 
0.189 
50.6 
23.8 
28.3 
1.13 
900 
6 

17 
10 



4.2 

0.99 

1.6 

400 

123 

4.20 

127 

0. 166 

46.4 

26.3 

32.4 

1.21 

860 

6 

10 

8 



3.9 
0.90 

1.7 

280 

99.1 

3.92 

85.8 

0.084 

37.2 

24.5 

33.3 

1.08 

800 

3 

15 

7 



44 31' 15" 
80°11'24" 

Sand 

0-5 cm 



0.4 
0.3 
0.5 

No data 

7.50 

2.38 

6.04 

0.005 

5.0 

11.3 

11.8 

0.402 

60 





Trace 



- 82 - 



The nature and extent of mixing within Collingwood Harbour is controlled 
to a large degree by its orientation to prevailing waves of large overlake 
fetch and harbour geometry. Mixing within the harbour controls sediment 
resuspension and flushing rate. 

Developing water quality problems within the harbour will depend on 

sewage treatment plant loadings, street runoff, materials exchange out 

of the harbour, re-suspension of sediments and release of sedimented 
contaminants . 



- 83 



8.0 PARRY SOUND 

8 . 1 INTRODUCTION 

As part of 1974 Georgian Bay nearshore studies , samples of water and 
sediment were taken in the Parry Sound area to determine the local 
effects of tributary, municipal and industrial loadings on water quality. 

In 1974 the town of Parry Sound had a population of 5,614 (8) serviced 
by a primary Water Pollution Control Plant (WPCP) which discharges 
treated affluent to McCurry Lake (Figure 26) . McCurry Lake outlet, a 
small creek with low flow (1.7 CFS) , empties to the eastern side of 
Parry Sound Harbour. The average daily WPCP loading of total phosphorus 
to McCurry Lake was 11.0 kg/day in 1974. Phosphorus removal is presently 
operational at this plant. 

The municipal water works and intake for the town of Parry Sound is 
located on the north-east side of Parry Sound. The intake structure is 
located approximately 0.15 km from shore at or about the 12 m depth (to 
IGLD) . Chlorination is employed for water treatment (Table 2). 

The Town of Parry Sound acts as a service centre for a highly diversified 
land and water based recreational frontier along the eastern coast of 
Georgian Bay. Activity along the periphery of Parry Sound Harbour 
involves the terminal handling and storage of hydrocarbon fuels, provision 
of recreational marine services, dockage and commercial airway services. 
Multiple land use is characteristic of the shoreline bordering Parry 
Sound. A municipal bathing area and adjacent Department of Transport 
marine depot are located at the western side of the town. Two major 
industries of the area are located on the shores of Parry Sound (Sifto 
Salt and CIL, Nobel) . Depot Harbour, located on Parry Island, serves as 
terminal storage area for iron ore (Figure 27) . A popular tourist 
attraction in the area is Killbear Point Provincial Park located at the 
eastern end of the sound. Additional shoreline development exists for 
cottages where waste abatement and water intake are on a individual 
household basis. 

Parry Sound and Parry Sound Harbour are unique embayments with morpho- 
metric characteristics distinctly different from the other embayments 
and harbours discussed in this report. The area is characterized by 
deep waters with embayments within embayments, large bays and inlets. 
Parry Sound and Parry Sound Harbour are cut out of a Precambrian rock 
base, with rough and irregular shorelines and steep lakeward bottom 
slopes. 

Parry Sound Harbour (Figures 26, 27) has a surface area of 2.8 km (to 
IGLD) and a maximum depth of 27 m (to IGLD) . The harbour has two main 
inlets , the largest being the Sequin River at the northern end of the 
harbour and McCurry Lake outlet on the eastern shore. The harbour has 
two outlets of which the largest proportion of flow is believed to be 
via the Bob's Point Channel at the northwest to Parry Sound and the 
smaller Buffalo Point/Rose Point outlet at the south to Five Mile Bay. 
Little is known about the mixing regime of the harbour, however, seiche 
effects are probably of a minor nature due to the moderating effect of 
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Parry Sound, the configuration of the harbour and the presence of two 
major outlets. 

Parry Sound is an extremely large embayment with a surface area of 77.7 
km 2 (to IGLD) and a maximum depth of 105 m (to IGLD) . The size, con- 
figuration and nature of outlets in Parry Sound suggest that it could be 
characterized as a large lake segmented physically from Georgian Bay. 
The shoreline of the sound is characterized by large elongated bays 
(Blind, Collins and Loon Bays) and several large islands (Mowat and 
Huckleberry) . There are no major tributaries directly entering the 
sound. The outlet of the sound to Georgian Bay is characterized by a 
wide and deep navigable channel at the western end near Killbear Point. 
The deep nature of the sound, its geometry and outlets suggest that the 
local mixing regime is primarily governed by surface wave mechanics in 
the epilimnion and spring and fall lake overturn. Like Parry Sound 
Harbour, little is known regarding the quantitative nature of inlet and 
outlet flows. 

Figure 26 shows the locations of stations that were occupied by the 
Ontario Ministry of the Environment during the 1974 field season 
(stations A through G and Si through S9 were occupied only during the 
November 1974 cruise). Stations 64, 65, 66, 67 and 68 were sampled 15 
times in 1974 for water quality and once for sediments on four monthly 
cruises (June, July, August and November) on the following specific 
cruise dates. 

Cruise Dates 



June 9, : 


L974 


June 10, 


1974 


June 20, 


1974 


June 21, 


1974 


July 24, 


1974 


July 25, 


1974 


July 29, 


1974 


August 2 , 


, 1974 


August 3, 


, 1974 


August 4 , 


, 1974 


November 


19, 1974 


November 


20, 1974 


November 


22, 1974 


November 


23, 1974 


November 


28, 1974 



8.2 DATA PRESENTATION 

Water quality data for the present study were compiled and simple sta- 
tistics generated for surficial samples (1.5 m) at each station for each 
monthly cruise (June, July, August and November). Water chemistry data 
for several major variables were plotted on a monthly basis for a tran- 
sect running from station 68 (origin) with straight lines through 
station 67, 66, 65 to 64 (Figure 26). Figures 28 to 31 show log-log 
monthly mean concentration (y axis) versus distance lake-ward trends (x 
axis) for selected variables in surficial (1.5 m) waters. Data for the 
November cruise at stations SI to S9 and A to G were compiled separately 
and reported herein if any significant spatial differences in concentrations 
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Figure 21 Parry Sound Chart of Bathymetry 
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of selected variables were noted. Surficial or epilimnetic data are 
reported solely here since the epilimnion is the most dynamic zone in 
terms of water quality. 

Water microbiology data were compiled on an individual station monthly 
basis in accordance to specifications required for reporting water 
quality criteria (19) and objectives (20). Figures 33 to 36 demonstrate 
monthly distance (x axis) trends, versus monthly geometric means of 
bacteria numbers/100 ml for total coliforms, fecal coliforms and fecal 
streptococci (Y axis) . 

Sediment data involving organics, heavy metals, pesticides PCB's and 
nutrients were compiled on an individual station basis for three areas: 
Parry Sound, Parry Sound Harbour and Depot Harbour (Tables 17, 16 and 
18, respectively) . 

Selected bathythermograph cast records were abstracted for station 65 to 
demonstrate the decay of thermal structure throughout the later portion 
of 1974 for the deep hole (105 m) in the middle of the sound (Figure 
32) . 

8.3 WATER CHEMISTRY 

8.3.1 Nutrients and Productivity 

Monthly cruise trends for total nitrogen (total Kjeldahl N + N0 2 - N + 
N0 3 -N) in the surficial waters of Parry Sound Harbour and Parry Sound 
are shown in Figure 29. Moderate diminishing trends in the horizontal 
distribution of total nitrogen from the harbour lakeward are shown 
during the July and November cruises. Total nitrogen concentration 
gradients showed slight increasing trends during June and August cruises 
with highest monthly averages occurring at station 66. Monthly average 
concentration differences in the photic zone for individual stations 
between cruises are probably attributed to the seasonal dynamics of 
nitrogen utilization by phytoplankton, variations in microbial activity 
and slight variations in terrestrial nitrogenous inputs. Slopes of 
lakeward monthly mean total nitrogen concentration gradients are moderate, 
and suggest negligible areal impact of nitrogen input to the surficial 
waters from terrestrial sources. 

The horizontal distributions of total and dissolved phosphorus in the 
surficial waters of Parry Sound and Harbour are shown in Figure 28. 
Wide ranges and variable lakeward gradient slopes are noted for the 
horizontal distribution of both total and dissolved phosphorus. The 
ratio of phosphorus forms (dissolved: particulate) was seasonally 
variable. Dissolved phosphorus was the major form of total phosphorus 
concentration at all stations during the June cruise, whereas particulate 
phosphorus tended to dominate during the July cruise. Total phosphorus 
lakeward gradients for all cruise periods indicate source related phos- 
phorus from Parry Sound Harbour. Over all four cruise periods moderate 
diminishing lakeward gradients were noted which approached Georgian Bay 
levels at the outer station (#64) . 

Dissolved phosphorus gradients were all of negative lakeward slope 
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Figure 28 Parry Sound 1974 Monthly Mean Total and Dissolved Phosphorus 

Gradients as a Function of Distance. 
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Figure 29 Parry Sound 1974 Monthly Mean Total Nitrogen and Chlorophyll a 
Gradients as a Function of Distance. 
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except during the November cruise. Wide station cruise averages of 
dissolved phosphorus and component form phosphorus ratios demonstrate 
the dynamics of dissolved phosphorus utilization in the photic zone by 
phytoplankton during the months of peak solar radiation. The negligible 
slope for the dissolved phosphorus lakeward gradient during the November 
cruise demonstrates the suppressed activity of algal biomass, as a 
result of colder water temperatures and vertical isothermy. 

It is difficult to directly assess the true nature of anthropogenic 
source phosphorus to Parry Sound and Harbour solely from figure 28 and 
due to the inherent dynamics of phytoplankton stocks and their respective 
influence on photic zone dissolved phosphorus concentrations. 

Distinct diminishing lakeward gradients of monthly station average 
chlorophyll a concentrations for each cruise are shown in figure 29. 
It appears that Parry Sound Harbour is moderately affected by terrestrial 
nutrient inputs with monthly average chlorophyll a levels ranging from a 
1.8 to 3 ug chlorophyll a/1 in 1974. Nutrient flow-through from Parry 
Sound Harbour to Parry Sound, effects the chlorophyll levels at station 
67 and 66 (1.8 and 8.6 km from station 68 respectively). Monthly average 
chlorophyll a levels at station 64 indicate that nutrient loadings did 
not impact beyond 10 km since average levels at this station were at or 
near 1 \iq chlorophyll a/1. 

It is suggested that the waters of Parry Sound Harbour and eastern Parry 
Sound were oligo-mesotrophic during the 1974 cruises (13, 14, 15). 
Parry Sound Harbour has a limited assimilative capacity for nutrients. 
Phosphorus removal is presently operational at the Town of Parry Sound 
WPCP and no enrichment problem was noted in the harbour or sound during 
1974 cruises. Given future urban and industrial growth in the area 
several variables suggest that nutrient enrichment could become a 
potential problem within the harbour. These variables involve harbour 
retention time, mixing, point source location, point source loading, and 
harbour outflows. Future reassessments of water quality in the area 
should take these governing variables into account especially with 
respect to quantification of harbour mixing and outlet flows. 

8.3.2 Dissolved Constituents 



The natural geochemistry of Parry Sound and Harbour waters is distinctly 
different from the other areas studied in this report. In comparison to 
other embayments, Parry Sound is morphometrically and geologically 
different consisting of a Precambrian rock base, with an overlay of very 
thin, poorly developed soil. 

Lakeward trends for specific conductance, sulphate and chloride are 
shown in figure 30. A distinct increasing gradient as a function of 
distance lakeward in specific conductance was noted for all four cruise 
periods, with lowest levels occurring during the November cruise. 
Seasonal variations in conductance were smallest at station 64 and 66 
where levels ranged from 150 to 170 viS/cm and 125 to 130 US/cm, respec- 
tively. The widest seasonal ranges and variances were noted at the 
Parry Sound Harbour Station 68, where cruise means ranged from 60 us/cm 
in November to 105 US/cm in August L974. Specific conductance is a 
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Figure 30 Parry Sound 1974 Monthly Mean Specific Conductance and Annual Mean 
Chloride and Sulphate Gradients as a Function of Distance. 
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measure of the quantity of dissolved solids in a solution and is sensi- 
tive to small changes in dissolved solids content. Sulphate and chloride 
can affect specific conductance. Dissolved solids in water can be 
derived from a multiple of cultural and/or natural sources. Tributary 
dissolved solids loadings during peak spring runoff periods are usually 
of a greater magnitude than durinq low flow periods. Present data are 
of insufficient frequency to suggest that the ranges, variances, and 
horizontal trends in specific conductance are solely a result of spring 
tributary loadings. 

The horizontal distributions of sulphate and chloride (figure 30) demon- 
strated increasing gradients as a function of distance lakeward, sug- 
gesting negligible influence of these components from municipal sources. 

8.3.3 Transpare nc y 

Turbidity in the surficial waters of Parry Sound Harbour and Parry Sound 
was low, and cruise averages seldom exceeded 1 FTU (Formazin turbidity 
units) at any station. The horizontal distribution of turbidity in 
surficial waters is shown in Figure 31. A diminishing slope in turbidity 
as a function of distance lakeward was noted for all cruise periods with 
maximum turbidities noted during the November cruise. 

Monthly average Secchi depths by station and cruise as a function of 
distance lakeward are :3howii in Figure 31. Increasing gradients with 
distance was noted for all cruise periods. The optical clarity of Parry 
Sound and Harbour was excellent with high station cruise average Secchi 
depths (Figure 31) and low turbidities; and no suspended solids problem 
was identified in 1974. The absence of visible suspended solids plumes 
is a water recreation resource asset in the area as well as being beni- 
ficial to freshwater fauna. 

8.3.4 Dissolved Oxygen 

The dissolved oxygen content of Parry Sound Harbour and Parry Sound at 
all depths was adequate throuqhout the study period. Dissolved oxygen 
and percent oxygen saturation levels ranged from 7,5 to 11.8 mgC^/l and 
77 to 113% in surficial waters and from 7 to 12.0 mg0 2 /l and 61 to 115% 
in the bottom waters of Parry Sound Harbour. The waters of Parry Sound 
were noted to have dissolved oxygen and percent oxygen saturation levels 
ranging from 8.6 to 12.1 mgOv/1 and 89 to 113?. in surficial waters and 
from 8.8 to 12.8 mgO;/l and 31 to L12% in bottom waters. Lowest levels 
and saturation values were noted for the hypoliminon at station 68 
during the August 1974 cruise. Station 68 in Parry Sound Harbour is 
located in the deepest portion of the Harbour were a sink effect of 
organic detritus could be expected. The summation of a season's detrital 
rain and negligible oxygen transfer across the thormocline/hypolimnion 
interface lead to diminished dissolved oxygen in the hypolimnion of the 
Harbour prior to fall overturn. 

8.3.5 Temperature 

Figure 32 shows the decay of thermal .structure for the deepest (105 m) 
water quality station (65) In Parry Sound. Sampling was not frequent 
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Figure 31 Parry Sound 1974 Monthly Mean Secchi Depth and Turbidity 
Gradients as a Function of Distance. 
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FIGURE 32 

1974 Bathythermograph Casts 
Stn.65 Parry Sound 



enough in 1974 to detail the formation of thermal structure in the 
harbour and sound; however, spring formation of a thermocline was 
expected to occur during late May. The deep nature of Parry Sound and 
Harbour allows for the development of distinct seasonal thermal struc- 
ture, where mixing between thermocline and hypolimnion is restricted. 

8.3.6 Alkalinity and pH 

The waters of Parry Sound Harbour are soft with alkalinities ranging 
from 20 to 50 mgCaCG 3 /l. Alkalinities at station 64 were distinctly 
different with levels ranging from 58 to 80 mgCaC0 3 /l approaching back- 
ground levels typical of Georgian Bay nearshore. Geochemistry of 
natural drainage water from tributaries govern the low alkalinities of 
Parry Sound Harbour and the inner sound. Geochemical differences in 
drainage waters are attributed to the small quantity of calcium bearing 
materials in the surrounding Precambrian Shield drainage basins. Lake- 
waters of low alkalinity have a lower buffering capacity and tend to be 
slightly acid in nature. The pH of Harbour waters ranged from 6.1 to 
7.3 whereas waters at station 64 were more alkaline with pH ranging from 
7.6 to 7.8. 

8.3.7 Phenols 

Phenols were all within the Ministry of the Environment domestic water 
quality criteria (19) and specific Water Quality Agreement objectives 
{20) except on four instances where levels above the analytical de- 
tection limit of 1 Jjg phenol/1 were noted. Detected quantities of 
phenols were reported at the following stations and times in samples 
taken at the 1.5 m depth. 



TABLE 14 



Station ug phenol/1 Time 

64 2 July 25, 1974 



67 
68 
68 



2 November 11, 1974 

2 July 25, 1974 

_5 November 28, 1974 



Results of the present study (based on 58 total surficial water samples 
for phenol analysis) do not suggest any phenolic taste problems in 
municipal water supplies. Sources of phenol contamination in surface 
waters of Parry Sound have not been determined to date. 

8.4 WATER MICROBIOLOGY 

Plots of monthly geometric means of total coliforms, fecal coliforms and 
fecal streptococci as a function of distance lakeward for the June, 
July, August and November 1974 cruises are shown in Figures 33 to 36. 
On the basis of monthly geometric means of bacterial densities for 
individual stations, all present data were within Ontario Ministry of 
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Figure 33 Parry Sound June 1974 Horizontal Trends for Geometric Means 
of Total Coliforms Fecal Coli forms and Fecal Streptococci. 
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Figure 34 Parry Sound July 1974 Horizontal Trends for Geometric Means 
of Total Coliforms, Fecal Coliforms and Fecal Streptococci. 
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Figure 35 Parry Sound August 1974 Horizontal Trends for Geometric Means 
of Total Coliforms, Fecal Coliforms and Fecal Streptococci. 
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Figure 36 Parry Sound November 1974 Horizontal Trends for Geometric 

Means of Total Coliforms, Fecal Coliforms and Fecal Streptococci 
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Table 15 



PARRY SOUND HARBOUR MICROBIOLOGY 

OFF McCURRY LAKE OUTLET 
NOVEMBER 20, 22 AND 27, 1974 



STATION 



B 



Total Coliform 

mf organisms/1 DO ml 



356+935 291+608 217+326 

-136 -140 -144 

(6)156-2060 (6)152-1000 (6)156-440 



278-474 

-163 

(6)116-468 



86+183 74+115 73+124 87+112 
Fecal Coliform -40 -48 -42 -68 

mf organisms/100 ml (6) 24-192 (6) 40-128 (6) 60-148 (6) 60-112 

8+36 5+15 10+19 11+28 

Fecal streptoccocci -2 -2 -5 -5 

mf organisms/100 ml (6) 1-76 (6) 1-16 (6) 4-32 (6) 4-32 

KEY:- geometric mean + standard deviation (la) 

- standard deviation (la) 

(n) minimum - maximum 

see figure for station locations 
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the Environment permissible criteria for public surface water supply and 
total body contact recreation (19) and within specific Water Quality 
Agreement objectives (20) . Figures 33, 34 and 35 demonstrate steep 
diminishing gradients in geometric mean bacterial densities for total 
coliforms, fecal coliforms, and fecal streptococci as a function of 
distance lakeward from station 68. The steep nature of these lakeward 
gradients and FC:FS ratios suggest a minor source of fecal bacteria 
contamination within Parry Sound Harbour. Station 68 is located .63 km 
WSW of the probable bacteria source, McCurry Lake outlet. In order to 
delineate possible effects of McCurry Lake outlet, a short duration 
survey was undertaken during November involving stations A, B, C and D 
(Figure 2 7 harbour inset) . 

Results of the short three-day November cruise were all within the 
Ontario Ministry of the Environment criteria for total body contact 
recreation (19) and within specific Water Quality Agreement objectives 
(20) on the basis of individual station monthly geometric means of total 
coliforms, fecal coliforms and fecal streptococci (Table 15) . Minor 
fecal contamination was indicated for some individual samples; however, 
the bacterial zone of impact of McCurry Lake outlet on this occasion was 
negligible. 

8.5 SEDIMENTS 

Composited grab (Shipek dredge) of surficial (0-5cm) sediments were 
taken at twelve sites witin Parry Sound Harbour, four sites in Parry 
Sound and five sites in Depot Harbour. Particle size and other physical 
analysis was not performed on samples. Tables 16, 17 and 18 show metals, 
trace contaminants, nutrients, pesticides and PCB data for surficial 
sediments at individual stations in Parry Sound Harbour, Parry Sound and 
Depot Harbour, respectively. Samples varied considerably in composition 
with no consistent single sediment type predominating. In Parry Sound 
Harbour, the horizontal distribution of every metal except cadmium in 
surficial sediments was highly variable (Table 16) . The sampling grid 
for sediments in the harbour was not extensive enough to permit map 
contouring of levels, as such a qualitative interpretation is forwarded, 
describing possible pathway (s) and sources of sediment contamination. 

Mercury contamination of sediment was greatest at stations 68, B and E 
(Table 16,- Figure 26). The level of .534 mg Hg/kg in the composited 
surficial sediment sample from station 68 was the highest detected 
mercury level out of 132 total sediment samples analyzed for mercury in 
the embayments and nearshore regions of Lake Huron, Georgian Bay and 
North Channel for ULRG in 1974/1975. Mercury in sediment at stations B, 
C, 68, E and F suggest that contamination is restricted to the southern 
half of the harbour, and that the pathway for contamination is toward 
the southern outlet of the harbour towards Five Mile Bay. Parry Sound 
and Depot Harbour stations all had low levels <-05 mg Hg/kg except Depot 
Harbour station S-7 where an elevated level of .12 mg Hg/kg was noted. 
At present it is difficult to identify a source (s) for this contamination 
and its effects on water use, biota and benthic fauna in the area. 

Chromium in sediment was highest at Parry Sound station 65 where a level 
of 53.5 mg Cr/kg was detected. It is interesting to note that the 
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station is located in the deepest portion of the Sound suggesting a 
possible sink effect. The horizontal distribution of chromium in Parry 
Sound Harbour did not indicate any source related trends. 

Cadmium levels in surficial sediments were generally low (<4 mg Cd/kg. ) 
and no source related horizontal distributions were noted. 

Lead in surficial sediment varied over a wide range (9 to 160 mg Pb/kg) 
with highest accumulations noted at harbour stations B, C, D, E and 68. 
It is possible that McCurry Lake outlet was the source of lead contamin- 
ation in harbour sediments. Elevated lead levels were also noted at 
stations S-6, S-7 and S-8 in Depot Harbour. 

Zinc in surficial sediments was widely distributed with levels ranging 
from 49 to 88 mg Zn/kg in Parry Sound and 25 to 290 mg Zn/kg in Parry 
Sound Harbour. Sedimented zinc levels were highest at Parry Sound 
Harbour stations B, C, D, E, F and 68. Zinc accumulation in the sur- 
ficial sediments in the southern portion of the harbour and near McCurry 
Lake outlet suggests a pathway south from McCurry Lake towards Five Mile 
Bay. 

Nickel was widely distributed in the surficial sediments of Parry Sound, 
Parry Sound Harbour and to a lesser degree in Depot Harbour at moderate 
levels ranging from 4 to 32 mg Ni/kg. No significant source related 
trends were noted for the horizontal distribution of nickel in sediment. 

Copper was detected in all sediments with low levels ranging from 6 to 
42 mg Cu/kg . Levels were highest at harbour stations B to G, S-l and S- 
2. The horizontal distribution of copper in surficial sediments did not 
indicate any source related trends. 

Iron in surficial sediments was widely distributed with levels ranging 
from 4 to 67 mg Fe/g. Levels were greatest at harbour stations E and F 
(67 and 39 mg Fe/g respectively) . Iron levels in Depot Harbour sediments 
(stations S-5 to S-9) were not significantly elevated enough to suggest 
any major input from iron-ore stock piles in the area. 

Localized accumulations of large quantities of volatile solids (per cent 
loss on ignition) were noted at harbour stations B, C, D, E, F and 68. 
Local accumulations of organics off McCurry Lake outlet and the southern 
half of Parry Sound Harbour are a direct result of two sources; 1) a 
past oil spill in the harbour (pre 1966) , and 2) organic loadings from 
McCurry Lake outlet. 

The concentration of total phosphorus in sediments is governed by 
particle size, mineral cation exchange capacity and colloidal material; 
information not accounted for during the present study. Highest con- 
centrations of total phosphorus in the surficial sediments of the 
harbour was noted at stations E and F (2.4 and 2.0 mg P/g respectively). 

Total Kjeldahl Nitrogen levels in the sediments were variable with 
highest levels noted off McCurry Lake outlet and the southern portion of 
the harbour. 



- 103 - 



Table 16 



Parry Sound Harbour 
Heavy Metals, P.C.B., and Pesticides in Surficial Sediments 

1974 



Station 




A 


. 


B 


C 


D 


E 


F 


G 


SI 


S2 


S3 


S4 


68 


Mercury mg/kg 




. 


m 


.33 


.23 


.008 .34 


.21 


.09 


.10 


.04 


.05 


.02 


,534 


Chromium mg/kg 




4 




18 


21 


5 


32 


28 


20 


22 


25 


4 


4 


22 


Cadmium mg/kg 




<1 




NA 


1.5 


<1 


3 


2 


<1 


.5 


1 


<1 


<1 


3.98 


Lead mg/kg 




25 




68 


160 


62 


56 


40 


12 


39 


9 


NA 


10 


80 


Zinc mg/kg 




56 




184 


194 


111 


290 


223 


95 


120 


B2 


NA 


25 


193 


Nickel mg/kg 




4 




19 


14 


10 


32 


25 


20 


22 


26 


4 


4 


27 


Copper mg/kg 




16 




30 


412 


23 


38 


32 


28 


38 


34 


8 


6 


26 


Iron mg/g 




8 




21 


13 


8 


67 


39 


2.1 


22 


32 


5 


4 


29 


Loss on Ignition 


% 


1. 


5 


37 


16 


8.9 


28 


19 


5.4 


7.7 


4.8 


.94 


.40 


22 


1 Total Phosphorus 


mg/g 


. 


9 


1.6 


1.1 


1.1 


2.4 


2.0 


1.1 


1.1 


.94 


.40 


.33 


1.6 


£ Total Kjeldahl N: 


Ltrog 


en 


























■^ mg/g 




. 


6 


5.1 


2.8 


1.3 


6.1 


5.5 


1.7 


2.0 


2.3 


<.5 


<.5 


5.0 


1 PCB ug/kg 




* 




* 


* 


* 


* 


* 


* 


* 


* 


* 


* 


* 


Solvent Extractables 




























mg/kg 




1235 




1040 


1008 


534 


1720 


1030 


560 


970 


460 


340 


207 


NA 


EDDT and metabol: 


Ltes 




























Mg/kg 




TR 




TR 


25 


4 


* 


* 


TR 


TR 


* 


TR 


TR 


TR 



Note: 



* 
TR 
NA 



All data for recent surficial {0-5cm) sediments in harbour encompassing an area 2.8 km . 

All samples composited from two similar Shipek grab samples. 

Harbour sediments of variable composition i.e. no predominant sample type. 

All samples analyzed by OMOE Main Laboratory, Rexdale, Ontario. 

See Figure... for station locations. 

Lindane, heptachlor, aldrin, dieldrin, endrin, and heptachlor epoxide not detected in any of the 

12 total samples. 

none detected 

trace 

not analyzed 
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Parry Sound 
Heavy Metals, PCB and Pesticides in Surficial Sediments 

1974 

66 65 

.025 .03 

41.9 53.5 

2.99 <1 

15.9 28 

87.8 66 

31.9 31 
20.9 30 
25.2 NA 

3.9 1.6 



Station 


67 


Mercury mg/kg 


.036 


Chromium mg/kg 


27.3 


Cadmium mg/kg 


<2 


Lead mg/kg 


24.4 


Zinc mg/kg 


56.5 


Nickel mg/kg 


26.3 


Copper mg/kg 


18.5 


Iron mg/g 


23.1 


Loss on Ignition % 


1.5 


Total Phosphorus 




mg/g 


1.1 


Total Kjeldahl 




Nitrogen mg/g 


<.5 



PCB ug/kg * 

IDDT and metabolites 
Mg/kg TR 

Note : 



1.2 



1. 1 



TR 



o . a 



<-5 



TR 



64 
.01 
9.7 
<1 
6.0 

49 

12 
8.4 
2.1 
<1 

1.0 

0.5 



TR 



- All data for recent surficial (0-5cm) sediments in Parry Sound. 

- All samples composited from two similar Shipek grab samples. 

- Sediments samples of variable composition from sand to clay. 

- See Figure ... for station locations. 

- Lindane, heptachlor, aldrin, endrin, and heptachlor epoxide, 
not detected (<lyg/kg) in any of the 4 total samples. 

- Analysis performed at OMOE Main Laboratory, Rexdale, Ontario. 

- Dieldrin detected at trace levels (<lijg/kg) at stations 66 and 67. 

*- none detected 
TR- trace 
NA- not analyzed 
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Table 18 



Depot Harbour 
Heavy Metals, PCB and Pesticides in Surficial Sediments 

1974 



Station 


S5 


S6 


S7 


S8 


S9 


Mercury mg/kg 


.04 


.05 


.12 


.03 


.02 


Chromium mg/kg 


26 


19 


12 


11 


12 


Cadmium mg/kg 


1.5 


1.0 


<1 


<1 


<1 


Lead mg/kg 


12 


37 


56 


41 


16 


Zinc mg/kg 


71 


58 


52 


43 


42 


Nickel mg/kg 


19 


18 


12 


9 


9.5 


Copper mg/kg 


28 


24 


16 


13 


19 


Iron mg/g 


32 


20 


16 


30 


34 


Loss on ignition % 


6.3 


10.0 


3.4 


2.2 


1.5 


Total Phosphorus 
mg/g 


.7 


.5 


.7 


.6 





Total Kjeldahl 
Nitrogen mg/g 

PCB ug/kg 

EDDT and 
metabolites yg/kg 

Note: 



2.8 



2.1 



.9 



.8 



TR 



- All data for recent surficial (0-5cm) sediments in Depot Harbour 

- All samples composited from two similar Shipek grab samples. 

- See Figure... for station locations. 

- Lindane, heptachlor, aldrin, endrin, dieldrin and heptachlor epoxide 
not detected (<lyg/kg) in any of the 5 total samples. 

- Analysis performed by OMOE Main Laboratory, Rexdale, Ontario. 

* - none detected 
TR - trace 
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PCB's, lindane, heptachlor, aldrin, endrin and heptachlor epoxide were 
not detected above the analytical detection limit of 1 ug/kg in any of 
the total 21 composited surficial sediment samples from Parry Sound 
Harbour, Parry Sound and Depot Harbour. Dieldrin was detected at trace 
levels (<1 ug/kg) at stations 66 and 67 and not detected in the remain- 
ing 19 samples. The sum of DDT and its metabolites was either not 
detected or found in trace amounts at all stations except stations C and 
D where levels of 25 and 4 ug/kg were noted, respectively. 

The presence of an oily sheen on most harbour sediment samples was noted 
during the survey. High accumulations of solvent extractables were 
noted for stations A through G and S-l to S-4 where levels ranged from 
207 to 1720 mg/kg. A past spillage of hydrocarbon fuel within the 
harbour occurred prior to 1966 and technical data regarding spill magnitude 
and fuel type are not available. The entire bottom area of Parry Sound 
Harbour appears to be effected by the past spillage and it is likely 
that contamination will bear its effect on the bottom fauna of the 
harbour in the future. 

8.6 SUMMARY 

In general, the overall water quality of Parry Sound and Parry Sound 
Harbour was good in 1974. No suspended solids problem was identified 
and all waters during 1974 exhibited excellent optical characteristics 
with low turbidities in moderately deep Secchi depths. 

Bacteriological sampling during 1974 in Parry Sound, Parry Sound Harbour 
and specifically off McCurry Lake outlet did not indicate any water 
quality criteria violations on the basis of monthly geometric means of 
total coliforms, fecal coliforms and fecal streptococci at individual 
stations. Aquatic productivity in Parry Sound and Parry Sound Harbour 
was low and reflective of oligo-mesotrophic conditions. Nutrient load- 
ings to the harbour are presently of small magnitude; however, with 
future urban and industrial growth aquatic productivity could become 
problematic within the harbour due to slow flushing rate. 

The highest level of mercury contamination in surficial sediments, out 
of the 132 total samples taken in 1974 from Georgian Bay, Lake Huron and 
North Channel nearshore areas and embayments was found in samples taken 
from Parry Sound Harbour. At this time it is difficult to assess the 
impact of mercury in sediments in Parry Sound Harbour on human water use 
and biota. Large quantities of volatile solids and solvent extractables 
were noted for eleven sediment sampling sites in the harbour. These 
high levels are believed to be primarily a result of a past spillage of 
hydrocarbon fuels. It is likely that the bottom community has been 
drastically effected and that the presence of hydrocarbon fuel in sedi- 
ment is a long term problem. 

Sediments of the area were devoid of PCB's, lindane, heptachlor, aldrin, 
dieldrin, endrin and heptachlor epoxide. The sum of DDT and its meta- 
bolites was 25 and 4 ug/kg at harbour stations C and D, respectively 
with all remaining 19 sediment samples devoid of detectable quantities. 

Lead and zinc in surficial sediments of the southern half of Parry Sound 
Harbour were elevated above levels reported at all other stations. 
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